This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


*  IB  49577  4 


4ii 


tiiP 


'ilk 


iii 


^ 
^ 

^ 

^ 

^ 


s 

^ 


.  niy!r«*^'-^ista . 


.,  The  State  Board  of  Health 

OF  MASSACHUSETTS. 

^Henrv  p.  Wauiott,  M.D.,  Chair  matt,  Cambridge, 
Jt; LILTS  H.  AiTLi-mm,  Springfield. 
Eluah  U.  Jones,  M.D.,  Taunton. 
'  Joseph  W.  Hasttngs,  M,D.,  Warren, 
I  Hi  RAM  F,  MlLl.y,  C.E.,  Lawrence. 
Frank  W,  D plainer,  M.  D.,  Boston, 
John  M.  Raymond,  Salem, 

Samuel  W.  Abbott,  S^creiary,  13  Beaeuri  St.,  liosmii. 
Joseph  P.  Davis,  ConBuliing  En^*ncer, 

FniXiERTC  P.   Stkarns,  Chief  Engineer.  13  lieacon  St.,  Boston, 
Thomas  M.  Drown,  M,D.,  Chemist,  Mass,  Institute  of  Technology,  Boston. 
G,    H,     Parker,    Biolo^st,    Museum    of    Compiraiive    'Iou\q^^     Harvard 
University,    Cambridge, 

WlU-lAM  T.  Srdwick,   Ph.D.,  Biologist,   Mass.   Institute    of   Technology, 
Boston. 

Allen  Hazes,  ChemisE  in  charge  at  Experiment  Station,  LawTenee. 


Digitized  by 


Goc  gle 


-XT 


/ 


\ 


\.l 


^•*     IMP  *•• 


t 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by  LjOOQIC 


^ 


Digitized  by  LjOOQIC 


'' ..\  '^• 


••■«•-  V 


.•  ,  > 


'"\    .  "■ 


(    . 


i  <^<<-' 


v-/   \    A-^>V     - 


-...   ^     '-0i^  ^,.       ^,   -'■       ,.     V       ,   / 


H 


--■  "V 


fJ' 


I 


A        '  4 


I  V 


c  . 


a 


■  -\  ^/ 


.V  '^':.^/ 


*^".   .g*-- - ' 


.r 


v.. 


1 


■5-1     V, 


i,,  ^  ^ 


;  v^    .^ 


f.     f^ 


v> 


Digitized  by 


Google 


"^'V^./ 


4:./^v^A  ■ 


i 

I 

K 

\\ 
f. 

» 

*^ 

}«^ 

If 

I    \ 

I** 


^^ 


Digitized  by  CjOCiblC 


EXAMINATIONS 

STATE  BOARD  OF  HEALTH 


(.«aJ 


Watee  Supplies  and  Inland  Waters 

OF  MASSACHUSETTS. 
1887-1890. 


Part  I. 


REPORT  ON  WATER  SUPPLY  AND  SEWERAGE. 


BOSTON : 

WRIGHT  &  POTTER  PRENTING  CO.,  STATE  PRINTERS, 

18  Post  Office  Squarb. 

1890. 


Digitized  by  VjOOQIC 


Digitized  by 


Google 


Part  I. 
COISTTENTS. 


Pack 

Introduction, v 

Act  to  protect  the  purity  of  inland  waters, xvii 

1.  Examinations  of  water  supplies  and  rivers. 

Water  supplies : 

Explanatory  note 3 

Description  of  water  works,  chemical  and  biological  examinations 
of  present  sources  of  water  supply  and  other  inland  waters,    .  6 

Rivers : 

Descriptions  of  the  river  basins,  chemical  and  biological  examinations 
of  the  waters, 383 

2.  The  chemical  examination  of  waters  and  the  interpretation  of 

ANALYSES,  BY  ThOMAS  M.  DrOWN,  M.D.,  CHEMIST  OF  THE  BOARD. 

The  chemical  examination  of  waters, 519 

Methods  of  analysis, 522 

Interpretation  of  the  chemical  analysis  of  water 583 

3.  RbPORT  upon  THE  ORGANISMS,  EXCEPTING  THE  BACTERIA,  FOUND  IN  THE 

waters  of  the  state,  july,  1887,  to  june,  1889,  by  g.  h. 
Parker,  biologist 581 

4.  sxtmmary  of  water-supply  statistics;   also  records  of  rainfall, 

flow  of  streams,  and  temperatures  of  air  and  water,  by 

F.  P.  Stearns,  C.E.,  engineer  of  the  Board. 

Examinations  of  water  supplies  and  inland  waters,     ....  623 

Water-supply  statistics, 626 

Rainfall, 628 

Flow  of  streams, 655 

Temperatures  of  air  and  water, 659 

5.  A  classification  of  the  drinking  waters  of  the  State,   .       .       .      679 

6.  Special  topics  relating  to  the  quality  of  public  water  suppubs, 

BY  F.  P.  Stearns,  C.E.,  and  T.  M.  Drown,  M.D. 

The  effect  of  storage, 719 

Investigation  of  deep  ponds, 749 

Special  characteristics  of  certain  surface  waters,         ....  767 

The  natural  filtration  of  water 773 

7.  The  pollution  and  self-purification  of  streams,  by  P.  P.  Stearns, 

C.E.,  engineer  of  the  Board. 

Pollution  of  streams, 785 

Self -purification  of  streams, 793 

8.  Index, 808 

Digitized  by  LjOOQIC 


Digitized  by 


Google 


INTRODUCTION. 


The  two  volumes  upon  water  supply  and  sewerage,  which  are  now 
published  under  the  direction  of  the  State  Board  of  Health,  are 
issued  under  the  provisions  of  chapter  80  of  the  Resolves  of  the 
General  Court  of  1889. 

By  the  "  Act  to  protect  the  Purity  of  Inland  Waters,"  which  had 
been  outlined  and  recommended  by  the  Massachusetts  Drainage 
Commission  of  1884,  the  State  Board  of  Health,  soon  after  its  reor- 
ganization in  1886,  was  entrusted  with  the  important  duty  of  carry- 
ing out  the  provisions  of  the  act.  This  act,  as  amended  in  1888,  is 
given  in  full  on  page  xvii. 

The  value  of  this  broad  and  far-reaching  statute  has  already  been 
demonstrated  by  its  application  to  many  of  the  municipalities  of  the 
State,  as  reported  upon  in  the  annual  reports  of  the  Board. 

The  State  Board  of  Health  is  also  required,  by  the  temis  of  the 
same  act,  ''  from  time  to  time,  as  it  may  deem  expedient,  to  cause 
examinations  of  the  waters  to  be  made,  for  the  purpose  of  ascertain- 
ing whether  the  same  are  adapted  for  use  as  sources  of  domestic 
water  supplies,  or  are'  in  a  condition  likely  to  impair  the  interests 
of  the  public  or  persons  lawfully  using  the  same,  or  imperil  the 
public  health." 

The  Board  is  also  authorized  * '  to  conduct  experiments  to  deter- 
mine the  best  practicable  methods  of  purification  of  drainage  and 
sewage,  or  disposal  of  the  same." 

The  work  of  the  Board  in  performing  these  two  distinct  duties  — 
the  examination  of  water  supplies  and  the  conducting  of  experiments 
upon  sewage  disposal  —  forms  the  subject  of  these  volumes. 


The  general  subject  of  the  first  volume  is  the  examination  of  the 
water  supplies  of  the  State,  and  embraces  not  only  an  examination  of 
the  water  supplies  already  in  use,  but  also  of  the  rivers,  and  of  many 
available  sources  of  supply  not  now  in  use.     The  rapid  increase  of 
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public  water  supplies  in  Massachusetts  in  the  past  twenty  years  has 
made  imperative  the  legislation  which  was  provided  for  by  the  act 
already  referred  to.  Previous  to  the  enactment  of  this  statute,  no 
comprehensive  plan  of  work  had  been  carried  out.  The  topography 
of  the  Commonwealth  is  peculiarly  fitted  for  this  comprehensive 
study,  embracing,  as  it  does,  waters  of  varying  character,  from  the 
more  highly  colored  waters  of  the  marshes  and  bogs  of  the  low  lands, 
to  the  clearer  waters  of  the  Berkshire  hills,  including  the  polluted 
waters  of  thickly  settled  regions  and  the  unpolluted  waters  of  unin- 
habited regions. 

These  waters  have  been  made  the  object  of  thorough  study  by 
the  engineer,  the  chemist,  the  biologist,  and  by  members  of  the 
Board.  A  large  portion  of  these  pages  covers  a  period  of  two 
years ;  and  in  some  of  the  discussions  the  results  of  the  third  and  a 
portion  of  the  fourth  year's  work  have  been  used.  The  analyses 
made  in  these  years  will  be  published  in  the  twenty-second  annual 
report  of  the  Board. 

The  final  conclusions  in  regard  to  some  of  these  supplies  must  be 
reserved  until  a  season  of  drought  shall  have  shown  what  changes 
are  possible  under  conditions  widely  different  from  those  which  have 
existed  during  the  past  four  years. 

In  the  first  part  of  this  volume  are  presented  the  descriptions  of 
the  water  works  of  the  State,  embracing  one  hundred  and  thirty- 
five  supplies  furnished  to  cities  and  towns  and  to  a  portion  of  the 
public  institutions  of  the  State.  The  number  of  cities  and  towns  to 
which  water  is  furnished  is  greater,  since,  in  several  instances,  two 
or  more  municipalities  are  supplied  by  one  system  of  works.  An 
alphabetical  arrangement  has  been  adopted  for  this  portion  of  the 
volume,  as  the  most  convenient  for  the  sake  of  reference,  so  that 
any  systena  of  water  works  may  be  found  under  the  name  of  the 
city  or  town  to  which  the  water  is  furnished.  Analyses  of  the  water 
of  several  sources  which  have  not  been  used  as  water  supplies  are 
also  presented,  as,  for  example,  several  of  the  large  ponds  in  Barn- 
stable and  Plymouth  counties. 

The  following  table  comprises  all  the  cities,  towns  and  public 
institutions  embraced  in  the  list :  — 
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Cities  akd  Towns. 

Popula- 
tion. 
Census 

Cities  and  Towns. 

Popula- 

tl<>n. 

CcnBus 

Cities  and  Towns. 

Census 

of  1890. 

of  1890. 

of  1890. 

Abington, 

4,260 

Haverhill, 

27,412 

Orange,   .... 

4,668 

Adams  (Sooth    Adams 

Hingham, 

4,564 

Palmer,   .... 

6,520 

FireDistrtet),     . 
Agawam, 

9,213 
2,852 

Hinsdale, 
Holbrook, 

1,739 
2,474 

Peabody, 
Phillipston,     . 

10,158 
502 

Amesbnry,     . 

9,798 

Holyoke, 

86,687 

Pittflfleld,        .       .       . 

17,281 

Amherst, 

Arlington 
(and  Middlesex  Aque- 

4,612 
6,029 

Hopedale, 
Hopklnton, 

1,176 
4,088 

Plymouth, 
Provlncetown, 

7,814 
4,642 

dnct  Company). 

Hudson,  . 

4,670 

Quincy,   .... 

16,723 

Ashbumbam, 

2,074 

HnU,       . 

989 

Randolph, 

8.946 

Athol 

0,319 

Hyde  Park, 

10,193 

Revere,    .... 

5,668 

AUleborongh, 

7,677 

Elingaton, 

1,669 

Richmond, 

796 

Avon,      .... 

1,384 

Lakevllle, 

986 

Rockland,       .       .       . 

6,218 

Ayer,      .... 

2,148 

Lancaster, 

2,201 

Salem 

30,801 

Barnstable     (Nine-Mile 
Pond),.       .       .       . 

4,023 

Lawrence, 
Lee, 

44,664 
3,786 

Saugus,   .... 
Sharon 

3,678 
1,684 

Belmont,. 

Beverly,  .... 

Boston,    .... 

2,098 

10,821 

448,477 

Leicester, 
Lenox,     . 
Leominster, 

3,120 
2,889 
7,209 

Shelbume, 

Sherbom  (Reformatory 
Prison), 

1.568 

Braintree, 

4,848 

Lexington, 

3,197 

Somerville,      . 

40,162 

Brewster  (Long  Pond), 

1,008 

Lincoln,  . 

987 

Southbridge,  . 

7.655 

Bridgewater   . 

(and  State  Farm). 

4,240 

Lowell,   . 

77,096 

South  Hadley, 

4.261 

Broekton, 

27,294 

Lndlow,  . 

1,939 

Spencer 

8,747 

Brookfield,     .       .       . 

8,362 

Lynn, 

86,727 

Springfield,     . 

44,179 

BrookUne.      .       . 

12,103 

Lynnfleld, 

787 

Stockbridge,  . 

2.132 

Cambridge,     . 

70,028 

Maiden,  . 

23,081 

Stoneham, 

6,155 

Canton,   .... 

4,638 

Mansfield, 

3,432 

Stoughton, 

4,862 

Chelsea 

27,909 

Marblebead, 

8,202 

Swampscott,  . 

3,198 

Cheshire, 

1.808 

Marlborough, 

13.806 

Taunton, 

26,448 

Ohicopee, 

14,060 

Maynard, 

2,700 

Tewksbury  (State 

(and  Chicopoo  Falls). 

Medford, 

11,079 

Almshouse), 

- 

Clinton,  .... 

10,424 

Melrose,  . 

8,619 

Tisbury, . 

1,506 

Cohasset, 

2,448 

Methnen, 

4.814 

Tyngsborough, 

602 

CoDcerd 

4,427 

Middleboroug] 

h.      .       . 

6,066 

Uxbridge, 

8,408 

(and  Reformatory). 

Middleton, 

924 

Wakefield,      .       .        . 

6,982 

Dalton,    .... 

2,88ft 

Milford,  . 

8,780 

Waltham,        .        .        . 

18,707 

Danvers 

7.464 

MlUbury, 

4,428 

Ware,      .... 

7.320 

Dedham, 

7.123 

Moneon  (State 

Primary 

Warren 

4,681 

Dracut,    .... 

1.996 

School), 

- 

Watertown,    . 

7,078 

East  Bridgewater, . 

2,911 

Montague, 

6,296 

Wayland, 

2,060 

Eastham, 

602 

Kahant,  . 

880 

Webster, 

7,031 

Kastbampton, 

4,396 

Nantucket, 

3,268 

Wellesley,      .       .       . 

3,600 

Kaston 

4,493 

Natick,    . 

9,118 

Westborougb, 

5,195 

Everett,  .... 

11,068 

Needham, 

3,035 

(and  Insane  Hospital) . 

PallRlTcr,      . 

74.398 

New  Bedford,         .        . 

40,733 

West  Brookfield,    .       . 

1,592 

Fltchbnrg,      . 

22,037 

Newbury  port, 

13,947 

Westfield,       .       .       . 

9.805 

Fraroingham, . 

9,239 

Newton,  .       .       .       . 

24,379 

West  Springfield,  . 

5,077 

Franklin, 

4,831 

North  Adams, 

16,074 

Weymouth,    . 

10,866 

Freetown, 

1,417 

Northampton, 

14,990 

Whitman, 

4,441 

Oardner, 

8,424 

North  Andover,     . 

8,742 

WlUlamstown.       .        . 

4,221 

Gill.         .... 

960 

North  Attleborough,     . 

6,727 

Winchendon,  . 

4,390 

OloQcester,     . 

24,661 

Northborough, 

1,962 

Winchester,    . 

4,861 

Orafton,  .... 

6,002 

Northbrldge,  . 

4,603 

Wlnthrop, 

2,726 

Great  Barrington,  . 

4,612 

North  Reading,      . 

874 

Wobum, 

13,499 

Green^ld,      .        .       . 

6,262 

Norwood, 

3.738 

1  Worcester,      .     (^    ' 

84,655 

- 

^ 

viii  INTRODUCTION. 

The  principal  p&ints  presented  with  reference  to  each  water  sup- 
ply are,  the  population  of  the  city  or  town  supplied,  the  date  of 
introduction  of  water,  description  of  the  source  or  sources  of  sup- 
ply, area  and  depth  of  ponds  or  reservoirs,  general  character  of  the 
water-shed  or  drainage  area,  and  method  of  distribution.  To  this  is 
appended  in  each  case  a  table  containing  the  results  of  the  chemical 
and  microscopical  examinations  of  the  waters,  as  reported  by  the 
chemists  and  biologists  of  the  Board.  These  examinations  cover  a 
period  of  two  years,  beginning  with  midsummer  of  1887,  and  form 
a  history  of  the  condition  of  the  waters  of  the  State  for  that  period. 
No  statements  are  made  in  this  portion  of  the  volume  having  refer- 
ence to  the  quality  of  the  water  as  shown  by  these  analyses.  Much 
information  upon  this  point  will  be  found  in  subsequent  portions  of 
the  report,  especially  in  the  sections  entitled  ^<  Classification  of 
Water  Supplies,**  "Interpretation  of  Analyses,"  and  ''Discussion 
of  Special  Topics,"  reference  to  which  may  be  found  in  the  very  full 
and  carefully  prepared  index  at  the  close  of  the  volume. 

The  next  section  contains  the  descriptions  of  the  river  basins  of 
the  State,  also  arranged  in  alphabetical  order,  the  smaller  tributa- 
ries being  treated  in  connection  with  the  rivers  into  which  they 
flow.  The  descriptions  embrace  a  general  statement  of  the  direc- 
tion of  flow  of  streams,  the  area  of  the  water-shed,  the  density  of 
the  population  on  the  drainage  area,  and  an  examination  of  the 
special  sources  of  pollution  from  the  manufacturing  wastes  upon 
each  stream.  The  chemical  and  microscopical  examinations  are 
arranged  in  the  same  general  order  as  in  the  preceding  section 
relating  to  water  supplies ;  the  points  at  which  samples  were  taken 
were  selected  with  special  reference  to  the  object  of  ascertaining  the 
chai-acter  of  the  stream,  and  the  effect  of  pollution  upon  it,  from  its 
source  to  its  mouth. 

The  following  list  embraces  the  principal  rivers  which  are  treated 
in  this  section  :  — 

Blackdtone  River.  Uoosac  River.  Neponset  River. 

Charles  " '  Housatonic  River.  Shawsheen    " 

Chicopee         "  Ipswich  "  Stony  Brook,  Boston. 

Concord  "  Merrimack      "  Taunton  River. 

Connecticut    "  Miller's  "  Ten  Mile    " 

Deerfield        "  Nashua  "  Westfield    " 

Professor  Drown  describes  the  method  of  collecting  the  samples 
and  the  processes  employed  in  the  chemical  analysis  of  the  waters, 
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and,  in  the  section  upon  *«  Interpretation  of  the  Chemical  Analy- 
sis," discusses  the  question  of  the  actual  value  of  such  analysis  from 
a  sanitary  stand-point.  A  general  classification  into  surface  and 
ground  waters  is  presented,  and  the  relation  of  sewage  pollution 
to*such  waters  is  treated.  Other  characteristics,  such  as  the  taste, 
color  and  odors  of  surface  waters,  are  also  considered.  The  inter- 
pretation of  the  chlorine  and  of  the  nitrogen  compounds  in  water, 
and  their  value  as  indicative  of  actual  sewage  pollution,  are  fully 
discussed  The  extent  of  the  territory  covered  by  the  water  exam- 
inations of  the  Board,  and  the  large  number  of  such  examinations, 
has  enabled  the  chemist  to  present  very  clearly  (see  chlorine  map 
facing  page  680)  the  ratio  of  normal  chlorine  in  the  different  regions 
of  the  State,  beginning  with  relatively  high  ratios  at  the  sea-board, 
and  diminishing  toward  the  western  border  of  the  State.  The  excess 
above  the  normal  ratio  becomes  an  index  of  the  amount  of  present 
or  previous  pollution  in  each  source,  and  consequently  an  approxi- 
mate index  of  the  population  contributing  such  pollution. 

The  difficult  subject  of  the  significance  of  the  nitrogen  compounds 
is  discussed,  and  the  fallacy  of  establishing  rigid  standards  of 
purity  based  upon  them  is  clearly  shown. 

Two  important  conclusions  are  emphasized:  (1)  that  a  single 
determination  in  a  chemical  analysis  of  a  water  cannot  inform  us  of 
its  real  condition ;  (2)  that  one  complete  analysis  of  a  sample  tells 
us  only  what  the  condition  of  the  water  was  when  the  sample  was 
taken. 

Some  of  the  contributions  to  present  knowledge  of  the  subject 
which  have  been  developed  by  the  chemists  in  the  course  of  the 
study  of  the  subject  —  many  of  them  new  —  may  be  enumerated  as 
follows :  — 

1.  The  distinction  between  noimal  and  polluted  waters. 

2.  The  chemical  evidence  of  pollution  in  waters. 

3.  Normal  chlorine. 

4.  The  idea  of  permanence,  and  of  various  degrees  of  susceptibility 
to  decay  in  organic  matter  in  water. 

5.  The  absence  of  dissolved  oxygen,  and  the  putrefactive  changes 
of  organic  matter  in  some  waters  at  considerable  depths. 

6.  The  effect  of  growing  plants  in  obliterating  evidences  of  decay. 

7.  The  chemical  evidence  of  bacterial  action  in  the  state  of  change 
of  organic  matter. 
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8.  The  essential  differences  in  character  of  surface  and  ground 
waters  which  influence  the  interpretation  of  analyses. 

9.  The  influence  of  the  season  of  the  year  on  the  composition  of 
surface  waters. 

Mr.  Parker's  report  deals  with  the  organisms  (bacteria  excepted) 
which  are  found  in  the  public  water  supplies  of  the  State.  In  this 
portion  of  the  volume  the  special  topics  presented  are,  (1)  the  rela- 
tion of  the  odor  in  a  water  to  the  organisms  which  it  contains,  (2) 
the  kinds  of  organisms  found  in  the  waters  supplied  to  Boston, 
Charlestown  and  Cambridge,  (3)  the  seasonal  distribution  of  such 
organisms,  (4)  the  distribution  of  organisms  in  waters  variously 
situated,  (5)  an  attempt  at  outlining  a  general  scheme  for  the  im- 
provement of  water  made  impure  by  organic  growths,  and  (6)  a  brief 
account  of  fresh-water  sponges,  and  their  relation  to  water  supplies. 
Mr.  Parker's  report  is  furnished  with  carefully  prepared  tables  illus- 
trating these  special  points. 

In  the  summary  of  water-supply  statistics,  Mr.  Stearns  presents 
a  brief  classified  statement  of  the  water  supplies  of  the  State  up  to 
the  close  of  the  year  1889,  by  far  the  greater  number  of  these  public 
supplies  having  been  introduced  since  1870,  previous  to  which  year 
there  were  only  twenty-four  such  systems  of  public  water  works  in 
operation.  Tables  are  also  presented,  in  which  is  stated  the  daily 
amount  of  rainfall  in  each  of  ten  places,  in  different  parts  of  the 
State,  from  May  1,  1887,  to  May  31,  1889.  To  these  are  added 
further  data  relating  to  the  flow  of  several  of  the  rivers  of  the  State, 
and  observations  upon  the  temperature  of  the  air  and  of  surface  and 
ground  waters,  and  of  water  as  delivered  to  consumers.  The  value 
of  these  data  will  become  evident  as  explaining  the  meteorological 
condition  which  existed  when  the  waters  referred  to  in  the  first  part 
of  this  volume  were  examined.  The  effect  of  the  depth  of  water  in 
ponds  upon  the  temperature  at  different  seasons  of  the  year  is  also 
graphically  presented,  including  a  special  study  of  the  same  subject, 
as  shown  by  observations  at  Jamaica  Pond. 

In  that  portion  of  the  volume  entitled  "A  Classification  of  the 
Drinking  Waters  of  the  State,"  there  is  presented  by  Mr.  Mills,  chair- 
man of  the  committee  of  the  Board  under  whose  direction  all  of 
these  investigations  have  been  made,  a  classification  of  the  two 
general  groups  of  surface  waters  and  of  ground  waters,  based  upon 
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their  past  or  present  pollution  by  sewage,  or  freedom  from  such 
pollution. 

The  actual  condition  of  the  drainage  area  of  a  source,  and  the 
excess  of  chlorine  in  the  source  beyond  the  normal  chlorine  of  the 
waters  of  that  region,  are  taken  to  indicate  the  degree  of  past  pollution 
by  sewage ;  while  the  present  condition  of -the  water  is  determined 
by  the  changes  that  have  taken  place,  as  shown  by  the  present  fonn 
in  which  nitrogen  is  found  in  the  water. 

The  characteristics  of  the  unpolluted  waters  of  each  group  are 
determined,  and  with  these  are  compared  the  forms  of  nitrogen  of 
the  several  sources  which  have  been  polluted ;  and  the  changes  that 
have  taken  place  under  the  existing  circumstances  are  traced,  as 
completely  as  practicable,  from  the  entrance  of  pollution  to  the 
conditions  existing  in  the  supply.  By  this  study,  it  is  found  that 
nearly  one-half  of  all  the  water  supplies  of  the  State  have  not  been 
polluted  by  sewage;  that  a  large  part  of  the  remainder . have  been 
so  purified  by  filtration  through  the  ground,  or  by  the  appropria- 
tion of  the  impurities  by  organic  growth,  that  they  cannot  be 
regarded  as  deleterious  to  health.  A  small  number  remain  whose 
condition  is  doubtful  or  dangerous,  and  these  demand  further 
investigation. 

The  discussion  of  *'  Special  Topics  relating  to  the  Quality  of 
Water  Supplies "  contains  much  information  which  has  a  practical 
bearing  upon  the  selection  of  sources  of  public  water  supply,  and 
the  methods  of  storage  both  of  ground  and  of  surface  waters. 
Several  supplies  have  been  selected  and  made  the  subject  of  careful 
and  continuous  examination,  both  chemical  and  biological,  and  the 
results  are  grouped  together  and  tabulated  in  this  section  of  the 
report.  Special  prominence  is  given  to  the  effect  of  storage  upon 
the  color,  taste  and  odor  of  water,  as  well  as  the  chemical  compo- 
sition. 

A  portion  of  this  section  of  the  report  is  devoted  to  the  investi- 
gation of  the  character  of  the  water  in  deep  ponds,  at  different 
depths  and  at  different  seasons  of  the  year.  The  variations  in  the 
nitrogen  compounds  at  different  depths  and  at  different  seasons  of 
the  year  in  Jamaica  Pond  are  presented  in  a  series  of  tables  and 
diagrams. 

Several  surface  waters  which  have  caused  serious  annoyance,  from 
the  periodical  development  of  aquatic  organisms,  have  been  made 
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the  subject  of  investigation,  and  the  results  are  presented  in  this 
part  of  the  report.  This  section  closes  with  a  general  statement  of 
the  results  of  observation  upon  the  natural  filtration  of  water  in  sev- 
eral places  in  the  State.  To  this  is  added  a  statement  of  the  char- 
acteristics of  the  troublesome  Crenothrix. 

In  the  chapter  entitled  **The  Pollution  and  the  ISelf-purification 
of  Streams,"  these  kindred  subjects  are  presented  by  the  engineer 
of  the  Board,  and  observations  are- given  upon  the  condition  of 
some  of  the  principal  streams  of  the  State,  large  and  small,  into 
which  sewage  is  continuously  discharged.  Observations  upon  this 
point  in  other  States  and  countries  are  not  very  numerous,  so  that 
standards  of  comparison  are  not  easily  obtained.  The  analyses  of 
the  sewage  of  London,  by  the  Metropolitan  Commission  of  1884, 
are  compared  with  those  of  Lawrence  and  of  Worcester.  Tables 
are  presented  giving  the  estimated  composition  of  sewage  under 
different  degrees  of  dilution,  and  the  amounts  of  the  ammonia, 
solids  and  chlorine  added  to  streams  by  domestic  sewage  for  vari- 
ous ratios  of  population  to  the  quantity  of  water  flowing  in  such 
streams. 

The  subject  of  the  "self-purification"  of  streams  is  treated  mainly 
from  a  chemical  stand-point,  the  rivers  taken  as  illustrative  exam- 
ples being  the  Blackstone,  between  Worcester  and  Millville ;  the 
Merrimack,  from  Nashua  to  Haverhill ;  and  Beaver  Ditm  Brook,  in 
Framingham,  which  receives  the  water  of  the  underdrain  of  the 
sewerage  system  of  that  town. 

This  chapter  forms  an  appropriate  connecting  link  between  the 
first  volume,  upon  w^ater  supplies  and  other  kindred  topics,  and 
the  second  volume,  which  relates  to  the  general  subject  of  the 
purification  of  sewage. 


The  SECOND  VOLUME  contains  the  methods  and  results  of  the 
experimental  investigations  of  the  Board,  upon  the  purification  of 
sewage  by  filtration  and  by  chemical  precipitation,  and  upon  the 
intermittent  filtration  of  w^ater,  made  at  the  experiment  station  at 
Lawrence  in  1888,  1889  and  1890. 

These  investigations  have  been  made  under  the  direction  and  the 
continuous  supervision  of  Mr.  Hiram  F.  Mills,  the  engineer  member 
of  the  Board,  whose  elaborate  report  forms  the  principal  part  of  the 
volume. 
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This  report  first  gives  a  description  of  the  experiment  station 
and  states  the  object  of  the  work  :  which  is,  to  determine  the  funda- 
mental principles  of  filtration  not  previously  established,  and  to 
learn  what  can  practically  be  accomplished  by  filters  made  of  some 
of  the  widely  varying  materials  found  in  suitable  localities  for  filtra- 
tion areas,  that  there  may  be  deduced  from  these  results,  together 
with  the  quality  and  physical  characteristics  of  the  materials  used, 
the  probable  efficiency  of  other  materials  to  be  found  throughout 
the  State. 

The  method  of  recording  and  the  meaning  of  the  results  of  analy- 
ses are  then  presented ;  after  which  follow  the  results  obtained  with 
each  of  thirty-two  different  filters. 

A  description  is  given  of  the  material  of  which  each  filter  is  com- 
posed, including  the  sizes  of  the  grains  of  sand  or  other  material, 
and  other  physical  characteristics  which  affect  its  ability  as  a  filter, 
together  with  some  of  its  chemical  constituents,  in  order  that  the 
filtering  capacity  of  materials,  having  similar  characteristics,  may 
be  detennined  from  the  experimental  results  obtained. 

While  deductions  are  fully  made  in  the  light  of  this  beginning  of 
the  science  of  filtration,  all  of  the  data  of  chemical  and  biological 
analysis,  and,  as  far  as  may  be,  the  attendant  circumstances,  are 
recorded,  that  they  may  serve  the  future  student  as  the  means  of 
verification  or  of  correction  in  the  greater  light  which  further  inves- 
tigation may  give  him. 

In  the  presentation  of  these  results,  and  their  discussion,  many 
additions  to  the  knowledge  of  the  world  upon  this  important  subject 
of  purification  of  sewage  by  filtration  are  given. 

The  distinctive  and  essential  differences  between  continuous  and 
intermittent  filtration  are  presented  by  alternately  using  one  method 
and  then  the  other,  upon  the  same  filter,  with  the  same  daily  quantity 
of  sewage. 

The  dependence  of  the  efficiency  of  intermittent  filtration  of  sew- 
age upon  the  process  of  nitrification  (a  process  which  does  not 
occur  in  continuous  filtration)  ;  the  conditions  favorable  to  the 
process  of  nitrification,  its  dependence  upon  nitrifying  organisms, 
and  the  condition  of  the  surface  and  degree  of  saturation  of  the 
filtering  material,  are  brought  out  by  many  examples,  throwing 
much  light  upon  the  subject.  It  is  shown  that  while  nitrifying 
bacteria  are  necessary,  in  producing  nitrification,  the  process  of 
complete  nitiification  of  the  organic  matter  of  the  sewage  is  one  of 
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complete  destruction  of  other  bacteria  and,  presumably,  of  all 
disease  germs.  And  finally  it  is  shown  that  the  process  of  purifi- 
cation of  sewage  by  intermittent  filtration  is  in  no  essential  sense  a 
straining  process,  but  is  thoroughly  complete  when  sewage  passes 
down  through  a  mass  of  coarse  gravel  stones  in  very  slow  motion, 
in  extremely  thin  films  over  the  surface  of  each  stone,  exposed  to 
air,  with  the  nitrifying  bacteria  attached  to  the  sui'face  of  the  stones. 
The  latter  come  in  the  sewage,  and  the  conditions  named  are  favor- 
able to  their  existence  and  to  the  accomplishment  of  their  work. 

The  practical  conditions  under  which  sewage  in  large  quantities 
may  be  filtered  to  be  made  suitable  to  turn  into  a  stream  not  used 
for  drinking,  and  the  conditions  necessary  for  rendering  the  effluent 
entirely  suitable  to  be  turned  into  a  drinking-water  stream  by  the 
complete  purification  of  sewage  from  all  bacteria  that  can  be  deter- 
mined by  the  usual  methods  of  culture,  and  presumably  from  all 
disease  germs,  are  for  the  first  time  made  known. 

The  results  of  experiments  in  the  year  1 890  are  given  in  briefer 
form  than  those  of  the  previous  two  years,  and  show  in  general  that 
much  larger  quantities  of  sewage  may  be  efficiently  purified  by  sys- 
tematically raking  over  the  surface  of  the  filter. 

Very  interesting  results  upon  the  intermittent  filtration  of  water  are 
presented  and  the  conditions  favorable  for  good  results  worked  out. 

With  about  three  hundred  thousand  gallons  of  city  water  filtered 
daily,  for  six  days  in  the  week,  upon  an  acre,  it  is  believed  that  all 
of  the  bacteria  present  in  the  water  were  killed,  and  that  none  of 
them  came  down  through  the  filter. 

With  larger  quantities,  through  more  open  filters,  some  of  the  bac- 
teria came  through.  In  other  respects  the  water  was  much  improved 
in  quality  when  filtering  one  million  and  two  million  gallons  per  acre 
per  day,  until  the  quantity  of  two  hundred  or  three  hundred  million 
gallons  of  water  had  been  filtered  upon  an  acre.  Experiments  are 
in  progress  to  learn  how  to  extend  the  life  of  such  filters. 

This  report  of  Mr.  Mills  concludes  with  a  summary  account  of  the 
results  of  the  experiments  upon  the  purification  of  sewage  by  chemi- 
cal precipitation. 

In  the  report  of  the  chemists  of  the  Board,  Prof.  T.  M.  Drown  and 
Mr.  Allen  Hazen,  are  given  the  methods  used  in  the  analysis  of  the 
sewage  and  effluents,  and  also  an  account  of  some  investigations  into 
the  nature  of  the  changes  which  nitrogenous  matter  undergoes  in  the 
process  of  oxidation.     These  investigations  include  many  specially- 
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designed  experiments  on  the  filtration  of  sewage  under  various  con- 
ditions, and  of  solutions  of  organic  and  ammoniacal  compounds  of 
known  composition.  These  investigations  have  given  us  much  valu- 
able information  about  the  process  of  nitrification,  which  has  direct 
practical  bearing  on  the  problem  of  sewage  disposal  by  intermittent 
filtration. 

In  Mr.  Hazen's  report  on  the  Chemical  Precipitation  of  Sewage 
will  be  found  an  account  of  an  extended  series  of  experiments  on 
the  treatment  of  sewage  by  chemical  precipitants.  The  results 
obtained  are  an  important  contribution  to  our  knowledge  of  this 
subject,  since  they  show  the  relative  advantages  and  cost  of  diflterent 
precipitants  on  sewage  of  the  same  composition. 

The  report  of  the  biologist  (Professor  Sedgwick),  upon  the 
biological  aspects  of  the  work  of  the  station,  begins  with  a  full 
account  of  the  methods  employed  in  this  new  branch  of  sanitary 
science.  Special  attention  is  given  to  the  microscopical  as  well  as 
the  bacteriological  methods  of  research,  and  a  new  and  trustworthy 
quantitative  method  of  microscopical  analysis  is  described  in  detail. 
It  is  believed  that  the  work  of  the  Board  in  this  direction  is  unique 
and  noteworthy.  One  section  of  the  report  deals  with  the  micro- 
organisms of  sewage,  establishing  important  and  accurate  data  for 
future  use.  It  is  immediately  followed  by  a  special  report  by  the 
chief  assistant  biologist  (Mr.  Edwin  O.  Jordan)  upon  the  kinds  of 
bacteria  which  occur  in  sewage.  Of  these,  twelve  species  have  been 
subjected  to  the  most  thorough  investigation,  and  full  descriptions, 
with  illustrations  made  from  photo-micrographs,  make  this  paper 
a  contribution  to  our  knowledge  of  the  bacterial  flora  and  the 
essential  nature  of  sewage.  The  illustrations  deserve  special  notice, 
and  testify  to  the  skill  of  Dr.  R.  R.  Andrews  of  Cambridge,  Mass., 
by  whom  the  photo-micrographs  were  taken. 

The  general  phenomena  of  intermittent  filtration  are  next  described 
from  the  biological  stand-point,  and  in  the  following  section  certain 
puzzling  relations  of  the  organisms  to  the  rate  of  flow  are  explained 
and  elucidated. 

It  has  long  been  a  question  whether  or  not  bacteria  can  pass 
through  sand  filters,  and  the  question  is  one  of  immediate  practical 
importance  as  bearing  on  the  possibility  of  the  complete  removal  of 
disease  germs  by  filtration.  The  report  of  the  biologist  makes  it 
manifest  that  some  species  do  pass,  though  with  difliculty,  through 
filters  of  coarse  sand,  but  probably  fail  to  pass  through  those  com- 
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posed  of  very  fine  sand.  These  experiments  appear,  moreover,  to 
be  the  first  of  an  absolutely  conclusive  character  ever  made. 
The  results  of  special  investigations  upon  the  influence  of  certain 
important  substances  of  a  class  likely  to  occur  in  sewage  (alkali,  salt, 
acid,  etc.)  are  next  detailed,  and  some  space  is  given  to  the  filtration 
of  water  and  the  chemical  precipitation  of  sewage.  Finally,  the 
biological  aspects  of  the  theory  of  intermittent  filtration  are  treated, 
and  the  principles  involved  are  discussed  in  the  light  of  all  the 
results,  with  a  view  to  their  ready  practical  application. 

The  volume  ends  with  a  report  by  Mr.  Edwin  O.  Jordan  and 
Mrs.  Ellen  H.  Richards  upon  certain  investigations,  made  by  them 
in  connection  with  the  regular  work  of  the  Board,  upon  nitrification 
and  the  nitrifying  organism.  The  processes  of  change  which  take 
place  in  the  organic  contents  of  natural  waters  and  in  soils  have 
always  been  recognized  as  important  but  have  hitherto  been  exceed- 
ingly obscure.  The  fortunate  co-operation  of  the  chemical  and  bio- 
logical laboratories,  made  possible  by  the  investigations  of  the  Board, 
has  borne  fruit  in  a  valuable  contribution  to  our  knowledge  of  the 
causes  and  conditions  of  nitrification,  in  the  study  of  which  real  prog- 
ress has  been  made.  The  isolation  of  the  nitrifying  organism  is 
here  reported  probably  for  the  first  time  in  America. 

H.  P.  WALCOTT,  \ 
J.  H.  APPLETON, 

E.  tJ.  JONES,         / 

J.  W.  BASTINGS,)  Slate  Board  of  Health. 
H.  F.  MILLS, 

F.  W.  DRAPER, 
J.  M.  RAYMOND,, 
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•   [Chap.  375  of  the  Acts  of  1888.] 

AN  ACT  to  protect  the  Piirity  of  Inland  Waters,  and  to  require 
Consultation  with  the  State  Board  of  Health  regarding  the  Estab- 
lishment of  Systems  of  Water-supply,  Drainage  and  Sewerage. 

Be  it  enacted,  etc.,  as  follows : 

Section  1.  The  state  board  of  health  shall  have  the  general  over- 
sight and  care  of  all  inland  waters,  and  shall  be  furnished  with  maps, 
plans  and  documents  suitable  for  this  pui-pose,  and  records  of  all  its  doings 
in  relation  thereto  shall  be  kept.  It  may  employ  such  engineers  and  clerks 
and  other  assistants  as  it  may  deem  necessary :  provided^  that  no  contracts 
or  other  acts  which  involve  the  payment  of  money  from  the  treasury  of  the 
Commonwealth  shall  be  made  or  done  without  an  appropriation  expressly 
made  therefor  by  the  general  court.  It  shall  annually  on  or  before  the 
tenth  day  of  January  report  to  the  general  court  its  doings  in  the  preced- 
ing year,  and  at  the  same  time  submit  estimates  of  the  sums  required  to 
meet  the  expenses  of  said  board  in  relation  to  the  care  and  oversight  of 
inland  waters  for  the  ensuing  year,  and  it  shall  also  recommend  legislation 
and  suitable  plans  for  such  systems  of  main  sewers  as  it  may  deem  neces- 
sary for  the  preser\'ation  of  the  public  health,  and  for  the  purification  and 
prevention  of  pollution  of  the  ponds,  streams  and  inland  waters  of  the 
Commonwealth. 

Sect.  2.  Said  board  shall  from  time  to  time,  as  it  may  deem  expe- 
dient, cause  examinations  of  the  said  waters  to  be  made  for  the  purpose  of 
ascertaining  whether  the  same  are  adapted  for  use  as  soilrces  of  domestic 
water-supplies  or  are  in  a  condition  likely  to  impair  the  interests  of  the 
public  or  persons  lawfully  using  the  same,  or  imperil  the  public  health. 
It  shall  recommend  measures  for  prevention  of  the  pollution  of  such  waters, 
and  for  removal  of  substances  and  causes  of  every  kind  which  may  be 
liable  to  cause  pollution  thereof,  in  order  to  protect  and  develop  the  rights 
and  property  of  the  Commonwealth  therein  and  to  protect  the  public 
health.  It  shall  have  authority  to  conduct  experiments  to  determine  the 
best  practicable  methods  of  purification  of  drainage  and  sewage  or  disposal 
of  the  same.  For  the  purposes  aforesaid  it  may  employ  such  expert  assist- 
ance as  may  be  necessary. 

Sect.  8.  It  shall  from  time  to  time  consult  with  and  advise  the 
authorities  of  cities  and  towns,  or  with  coiporations,  firms  or  individuals 
either  already  having  or  intending  to  introduce  systems  of  water-supply, 
drainage  or  sewerage,  as  to  the  most  appropriate  source  of  supply,  the  best 
practicable  method  of  assuring  the  purity  thereof  or  of  disposing  of  their 
drainage  or  sewage,  having  regard  to  the  present  and  prospective  needs  and 
interest  of  other  cities,  towns,  corporations,  firms  or  individuals  which  may 
be  affected  thereby.  It  shall  also. from  time  to  time  consult  with  and  advise 
persons  or  corporations  engaged  or  intending  to  engage  in  any  manufact- 
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uring  or  other  business,  drainage  or  sewage  from  which  may  tend  to  cause 
the  pollution  of  any  inland  water,  as  to  the  best  practicable  method  of 
preventing  such  pollution  by  the  interception,  disposal  or  purification  of 
such  drainage  or  sewage :  provided^  that  no  person  shall  be  compelled  to 
bear  the  expense  of  such  consultation  or  advice,  or  of  experiments  made 
for  the  purposes  of  this  act.  All  such  authorities,  corporations,  firms  and 
individuals  are  hereby  required  to  give  notice  to  said  board  of  their  inten- 
tions in  the  premises,  and  to  submit  for  its  advice  outlines  of  their  pro- 
posed plans  or  schemes  in  relation  to  water-supply  and  disposal  of  drainage 
and  sewage,  and  all  petitions  to  the  legislature  for  authority  to  introduce 
a  system  of  water-supply y  drainage  or  sewei^age  shoM  he  accompanied  by  a 
copy  of  the  recommendation  and  advice  of  the  said  hoard  thereon.  Said 
board  shall  bring  to  the  notice  of  the  attorney-general  all  instances  which 
may  come  to  its  knowledge  of  omission  to  comply  with  existing  laws 
respecting  the  pollution  of  water-supplies  and  inland  waters,  and  shall 
annually  report  to  the  legislature  any  specific  cases  not  covered  by  the  pro- 
visions of  existing  laws,  which  in  its  opinion  call  for  further  legislation. 

Sect.  4.  In  this  act  the  term  "  drainage  "  refers  to  rainfall,  surface  and 
subsoil  water  only,  and  "sewage"  refers  to  domestic  and  manufacturing 
filth  and  refuse. 

Sect.  5.  Chapter  two  hundred  and  seventy-four  of  the  acts  of  the  year 
eighteen  hundred  and  eighty-six  is  hereby  repealed,  but  nothing  in  this  act 
shall  be  constnied  to  affect  the  expenditures  authorized  under  chapter 
thirty  of  the  resolves  of  the  year  eighteen  hundred  and  eighty-eight. 

Sect.  6.  This  act  shall  take  effect  upon  its  passage.  \_Approved  May 
18,  1888, 
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WATER    SUPPLIES- 


DESCRIPTIONS  OF  WATER  WORKS;    CHEMICAL  AND  BIOLOGICAL 
EXAMINATIONS  OF   PRESENT    SOURCES   OF   WATER 
SUPPLY  AND  OTHER  INLAND  WATERS.       • 


EXPLANATORY  NOTE. 

The  followiDg  tabulations,  giving  descriptions  of  works,  chemical  analyses, 
microscopical  examinations  and  other  information,  are  arranged  alphabetically 
by  towns. 

Analyses  of  water  from  any  source  used  for  water  supply  are  tabulated  under 
the  name  of  the  town  supplied,  while  those  fi*om  sources  not  used  for  water 
supply  are  arranged  under  the  town  in  which  the  sample  of  water  was  collected. 

An  exception  to  this  rule  has  been  made  where  water  from  severaj  sources  has 
been  examined  in  connection  with  an  investigation  of  a  present  or  proposed  water 
supply,  in  which  case  the  analyses  are  generally  given  under  the  name  of  the 
town  interested  in  the  supply. 

The  analyses  of  the  water  of  streams  not  used  for  water  supply  are  generally 
omitted  from  this  tabulation  by  towns,  as  they  appear  in  a  subsequent  tabulation 
in  connection  with  a  discussion  of  the  waters  of  the  river  basins. 

The  descriptions  of  the  water-works  have  been  compiled  chiefly  from  returns 
made  to  the  State  Board  of  Health  by  the  water-works  officials  and  from  their 
published  reports.  Some  of  the  information,  however,  is  the  result  of  personal 
investigation  by  members  of  the  engineering  force  of  the  Board.  In  many  cases 
the  areas  of  water-sheds  have  been  measured  from  the  new  topographical  map 
of  the  State,  the  boundary  line  being  traced  from  the  features  shown  on  the  map 
and  not  from  reconnoissance  upon  the  ground.  Where  the  water-sheds  are  in  a 
hilly  country  and  not  too  small,  this  method  gives  satisfactory  results ;  but  in 
other  cases  the  areas,  as  given,  may  not  be  quite  accurate. 

As  a  rule  one  or  more  samples  from  each  source  have  been  collected  by  an 
agent  of  the  State  Board  of  Health.  The  bulk  of  the  samples,  however,  have  been 
collected  by  persons  connected  with  the  water-works. 

In  the  tables  of  chemical  analyses  the  figures  in  common  type  indicate  determi- 
nations made  on  the  water  as  received ;  that  is  to  say,  they  include  the  suspended 
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matters  and  sediment,  while  the  figures  in  heavy-faced  type  indicate  determina- 
tions made  on  the  water  after  it  has  been  filtered  through  paper  in  the  laboratory. 
A  few  cases  will  be  noted  in  the  tabulated  results,  in  which  one  or  more  chemical 
determinations  differ  somewhat  widely  from  others  in  the  same  series.  Such  a 
condition  of  the  water  might  result  from  floods  or  ether  unusual  disturbance  of 
a  stream,  or  from  carelessness  in  collection,  or  an  error  may  have  been  made  in 
the  analysis.  In  such  cases  the  determination  has  been  imderlined  and  has  not 
been  included  in  the  average .  Where  the  determinations  of  the  loss  on  ignition 
and  fixed  residue  are  underlined,  the  coiTcsponding  total  residue  is  omitted  from 
the  average. 

No  attempt  has  been  made  to  give  the  character  of  the  waters  in  connection 
with  the  tabulated  results  of  the  analyses.  In  the  subsequent  general  discussion 
of  the  water  supplies,  the  qualities  and  peculiarities  of  many  of  the  waters  will 
bo  referred  to  more  or  less  at  length.  For  the  characters  of  those  waters  which 
are  not  especially  mentioned  in  this  discussion,  the  reader  is  refen*ed  to  that  por- 
tion of  the  report  which  deals  with  the  "  interpretation  of  analyses.^' 

In  additioi^to  the  determinations  given  in  the  tables  each  sample  has  been 
examined  for  its  odor,  both  cold  and  hot.  The  complete  record  of  these  odors  it 
was  thought  unnecessary  to  include  in  the  table,  but  mention  of  their  general 
character  is  made  in  the  foot-note  after  the  chemical  results.  The  hardness  of  the 
waters  has  been  determined  once  for  each  water,  and  is  given  in  the  foot-note. 
The  appearance  and  odor  on  ignition  of  the  solid  residue  of  evaporation  was 
also  determined  in  each  sample,  but  this  record  is  not  in  the  tables,  since  the 
significance  of  these  determinations  is,  in  most  waters,  of  subordinate  importance. 

The  color  of  the  waters  is  expressed  by  numbers  which  increase  with  the 
amount  of  color.  Water  having  a  color  of  1.0  is  a  decided  yellowish  brown 
when  seen  in  small  bulk,  as  in  a  tumbler.  As  a  standard  of  comparison,  it  may  be 
mentioned  that  the  color  of  water  from  the  Cochituate  works,  as  drawn  from  a 
tap  at  the  Massachusetts  Institute  of  Technology,  is  generally  about  0.35. 

The  "  loss  on  ignition  "  is  not  given  in  the  analyses  of  ground  waters,  since  it 
bears  little  or  no  relation  to  the  amount  of  organic  matter  present  in  the  water. 
This  subject  will  be  fully  discussed  in  the  section  of  the  report  devoted  to  "  meth- 
ods of  analysis." 

Averages  have  been  made  of  the  chemical  determinations  in  the  tables  as  a 
matter  of  convenience  for  those  who  wish  to  study  the  results.  In  many  cases  the 
averages  are  for  a  less  period  than  a  year,  and  in  others  for  a  period  between 
one  and  two  years.  In  these  cases  the  averages  cannot,  obviously,  express  a 
mean  yearly  composition  of  the  water.  The  averages  of  the  determinations  ex- 
pressed in  heavy-faced  type  are  not  given  except  when  these  determinations  have 
been  made  for  all  samples  in  the  table. 

The  microscopical  examination  of  water  from  a  few  sources  was  begun  in  July, 
1887 ;  but  the  systematic  examination  of  all  the  waters  was  not  undertaken  until 
March,  1888.  After  this  time  a  sample  for  microscopical  examination  was  taken 
from  each  bottle  of  water  received  at  the  chemical  laboratory.  The  standard 
quantity  of  water  used  in  an  examination  was  200  cubic  centimetres.  From 
March  16  to  June  5, 1888,  the  quantitative  estimate  of  the  organisms  was  expressed 
by  adjectives  indicating  their  relative  abundance. 

Since  June  5, 1888,  greater  care  has  been  taken  to  determine  the  number  of 
organisms  of  each  kind  removed  by  filtration  from  the  200  cubic  centimetres  of 
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water,  and  the  results  are  recorded  in  figures,  showing  the  numbers  found.  The 
method  of  filtration  adopted  did  not  permit  all  of  the  organisms  contained  in 
the  water  to  be  transferred  to  the  slide  for  examination,  and  the  figures  given 
should  not  therefore  be  considered  as  representing  more  than  a  part  of  the  total 
number  of  organisms  in  200  cubic  centimetres  of  water.  While  the  method, 
therefore,  lacks  quantitative  accuracy,  the  results  obtained  by  it  since  June,  1888, 
express  very  much  better  the  relative  number  of  organisms  in  the  waters  than  the 
results  recorded  before  this  time.  The  results  obtained  under  the  earlier  system 
are,  as  a  rule,  only  given  where  subsequent  examinations  by  the  newer  system 
have  not  been  made.  In  tabulating  the  results  of  the  microscopical  examinations 
for  this  report,  the  unit  used  is  1,000  organisms.  One-tenth,  the  smallest  figure 
given,  therefore  represents  100.  Any  smaller  number  is  indicated  by  the  letters 
pr.,  an  abbreviation  for  the  word  present. 

The  statements  of  the  results  of  the  microscopical  examinations  which  follow 
the  tables  of  chemical  analyses,  are  in  two  forms.  In  the  first,  the  results  are 
arranged  by  months ;  and  since  the  chemical  and  biological  examinations  were 
made  with  water  from  the  same  bottle,  the  results  given  for  the  same  month  and 
year  by  these  examinations  are  directiy  comparable.  In  the  first  form  the  organ- 
isms have  been  grouped  under  four  heads:  three  of  these,  namely,  the  blue- 
green  algse,  other  algss  and  fungi,  represent  the  plants ;  the  fourth  includes  all 
animals.  The  second  form  is  an  enumeration  of  the  groups  and  principal  genera 
of  organisms  which  have  been  observed.  The  names  of  the  genera  have  been 
printed  in  italics  and  signify  that  at  least  in  one  examination  the  organism  desig- 
nated by  the  name  has  been  present  in  as  great  a  number  as  1,000.  The  names 
bf  the  groups  of  organisms  have  been  printed  in  Roman  type.  When  a  group 
is  named  but  no  genus  is  mentioned  under  it,  it  is  understood  that  the  group  is 
represented  by  a  genus  or  by  genera  the  individual  representatives  of  which  have 
been  present  at  no  examination  in  as  great  a  number  as  1,000.  The  figures  1, 2, 3 
and  4  have  been  used  in  the  second  form  to  classify  the  groups  in  sections  which 
correspond  to  the  four  heads  of  the  first  form.  The  gi*eatest  number  of  groups 
which  will  be  found  in  the  second  form  and  the  relation  which  these  bear  to  the 
four  heads  of  the  first  form  can  be  seen  in  the  following  enumeration.  1,  Cyan- 
ophycesB  (blue-green  algie).  2,  PalmellaceaB,  Zoospores^,  Dcsmidiaceas,  Diatom- 
acesB,  Zygnemaceso,  Yolvodnesd.  8,  Schizomycetes.  4,  Protozoa,  Spongiaria, 
Hydrozoa,  Nematoda,  Annelida,  Rotifera,  Entomostraca,  Bryozoa. 

The  necessity  for  printing  this  tabulation  before  the  reports  and  discussions 
which  follow  it  are  in  type,  prevents  reference  from  being  made  to  the  pages 
where  the  different  water  supplies  are  discussed.  The  reader  desiring  to  find 
tiiese  discQSsions  is  therefore  referred  to  the  index  to  be  found  at  the  end  of  the 
volume. 
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WATER    SUPPLIES. 


DESCRIPTIONS   OF  WATER  WORKS;    CHEMICAL  AND  BIOLOGICAL 

EXAMINATIONS   OF   PRESENT   SOURCES  OF   WATER 

SUPPLY  AND  OTHER  INLAND  WATERS. 


Water  Supply  of  Abington  and  Rockland. 

Description  of  Works.  — Population  in  1885  :  Abington,  3,699  ; 
Rockland,  4,785  ;  total,  8,484.  The  main  works  are  owned  jointly 
by  the  towns  of  Abington  and  Rockland,  but  each  town  owns  and 
controls  independently  its  distributing  system.  Water  was  in- 
troduced in  January,  1887.  The  daily  average  consumption  in  1888 
was  248,143  gallons.  The  source  of  supply  is  Big  Sandy  Pond  in 
Pembroke :  area  of  pond,  estimated  from  new  topographical  map  of 
Massachusetts,  111  acres;  general  depth,  15  feet;  maximum  depth, 
20  feet ,  bottom,  sandy.  The  drainage  area  is  uninhabited  and  is 
covered  with  woods.  Water  is  drawn  from  the  pond  at  a  point 
about  140  feet  from  shore,  and  the  inlet  is  so  arranged  that  water 
may  be  drawn  from  any  depth  not  exceeding  &\  feet  below  high 
water.  Pumps  force  the  water  from  the  pond  to  an  open  iron  tank 
100  feet  high  and  25  feet  in  diameter.  Distributing  mains  are  of 
cast  iron ;  service  pipes  are  of  wrought  iron,  lined  with  cement.  A 
filter-gallery  was  at  first  attempted  along  the  shore  of  the  pond,  but 
**  after  an  excavation  of  the  proposed  dimensions  had  been  made,  it 
was  evident  from  daily  trial  that,  by  reason  of  the  fineness  of  the 
sand,  the  water  would  not  filter  through  in  sufficient  quantities  to 
supply  the  pumps  and  the  plan  was  abandoned.^  The  filter-gallery 
was  completed  as  proposed,  and  is  used  as  a  pump  well. 
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Chemical  ExamincUion  of  WcUerfroin  Big  Sandy  Pond,  in  Pembroke. 

[Ports  per  100,000.] 
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Odor,  generally  none,  aometlmee  vegetable. The  aamplea  were  collected  f^om  a  faucet  at  the 

pamping  aUUon,  while  pamplng,  with  the  exception  of  Noa.  894  and  1583,  oolleeted  from  main  pipe  in 
Abtngton,  and  of  No.  1759,  collected  from  main  pipe  and  repreaenting  water  which  had  been  atanding 
in  the  iron  tank. 

Microscopical  Examination, 

April,  1888.    Blue-green  algsa,  very  few.    Other  alg»,  preaent  in  moderate  nnmbera. 
Groupa  and  principal  genera  of  organiama  obeerved :    1,  Cyanophyoea).    2,  Diatomaceae,  AtUriori' 
tOa,  Melotira,  TabeUaria, 


Water  Supply  of  South  Adams  Fire  District,  Adams. 

Description  of  Works. — Population  of  Adams  in  1885,  8,283. 
Estimated  population  supplied  in  1887,  8,000.  Works  aro  owned 
by  the  Fire  District.  Water  was  introduced  in  1874.  The  ordi- 
nary sources  of  supply  are  Bassett  and  Dry  brooks,  on  each  of  which 
a  small  storage  reservoir  is  built.  Bassett  Brook  Bescrvoir  has  a 
capacity  of  about  five  million  gallons  and  is  situated  southwesterly 
from  the  town.  Its  drainage  area,  of  about  2.6  square  miles  (esti- 
mated from  the  new  topographical  map  of  Massachusetts),  is  steep, 
wooded  and  rocky,  but  is  said  to  be  free  from  limestone.  Dry 
Brook  Reservoir  has  a  capacity  of  about  five  million  gallons  and  is 
situated  southeasterly  from  the  town.  Its  drainage  area,  of  7.84 
square  miles  (estimated  as  above),  is  steep  and  well  wooded,  but 
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contains  aho  a  little  pasture  land.  It  is  rocky  and  much  of  the  rock 
is  said  to  be  limestone.  Both  drainage  areas  are  almost  uninhabited. 
Provision  is  madjO  for  supplementing  the  supply  during  droughts, 
by  pumping  from  the  wells  of  the  Renfrew  Manufacturing  Com- 
pany. Water  from  the  brooks  is  distributed  by  gravity.  Distrib- 
uting mains  are  of  cast  iron. 

Chemical  Examination  of  Water  from  Bassett  Brook  Storage  Reservoir, 

[Partt  per  100,000.] 
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None. 

Very  alight. 

0.10 

8.80 

1.05 

2.25 

.0030 

.0090 

.0070 

. 

292 

July    8 

July    9* 

None. 

None. 

0.00 

8.45 

0.55 

2.90 

.0002 

.0064 

.11 

.0130 

- 

479 

Aug.  4 

Aug.  6 

None. 

None. 

0.00 

3.95 

0.57 

3.88 

.0008 

.0089 

.09 

.0200 

- 

709 

Sept.  6 

Sept.  8 

DiatiDct. 

Slight. 

0.00 

4.65 

0.30 

4.35 

.0004 

.0040 

.09 

.0130 

- 

910 

Oct.     8 

Oct.  10 

Very  slight. 

ConaldeniF 
ble. 

0.10 

5.30 

0.40 

4.90 

.0008 

.0047 

.05 

.0070 

- 

1322 

Dec.    6 

Dec.    6 

DiiUnct. 

Conilderiu 
ble. 

0.20 

4.05 

1.15 

2.90 

.0011 

.0172 

.04 

.0170 

- 

Av 

0.07 

4.12 

0.67 

8.45 

.0011 

.0075 

.08 

.0128 

Odor,  none. The  aanaplea  were  collected  ft'om  the  reservoir.    No.  1322  wm  eolloctcd  while 

brook  waa  iwollon  by  heavy  raioa  of  Deoember  4  and  5. 


Chemical  Examination  of  Water  from  Dry  Brook  Storag 

[Part*  per  100,000.] 

e  Reservoir, 

Datb  of         1 

1 

Appbarakcb. 

Rrmdcr  05 
EVAPOBATIOM. 

Amvohia. 

.10 

XlTBOOBlff 

▲a 

» 

1^ 

f 

s 
1 

1 

1 

§1 

1 

1 

il 

i 

S 

60 

18 

June  8 

June  9 

None. 

SUght. 

0.20 

7.02 

1.27 

5.75 

.0008 

.0101 

.0070 

_ 

291 

July    8 

July    9 

Very  Blight. 

Sllffht, 
brown. 

0.20 

8.05 

1.65 

6.40 

.0025 

.0120 

.10 

.0070 

- 

480 

Aug.  4 

AQg.  6 

Slight. 

None. 

0.45 

9.10 

1  83 

7.27 

.0030 

.0165 

.09 

.0070 

- 

708 

Sept.  6 

Sept.  8 

VeryaUgfat. 

Very  alight. 

0.101 

7.57 

0.45 

7.12 

.0009 

.0094 

.09 

.0070 

- 

911 

Oct.     8 

Oct.  10 

None. 

Very  alight. 

0.40, 

8.15 

1.45 

6.70 

.0000 

.0112 

.10 

.0030 

- 

1323 

Doc.    5 

Dec.    6 

Very  alight. 

Conaidera. 
ble,  gray. 

0.10 ' 

i 

6.10 

1.10 

4.00 
6.21 

.0000 

.0075 

.05 : 

.0100 

- 

Av. 

0.24, 

7.50 

1.29 

.0012 

1 
.0111  1 

1 

.09 

.0068 

1 

Hardneaa  In  June,  5.1.    Odor,  none. The  aaraplea  were  collected 

waa  collected  while  brook  waa  awollen  by  heavy  ralna  of  December  4  and 


from  the  reaervoir. 
5. 


No.  1823 
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Water  Supplt  of  Agawam. 

Description  of  Works. — Population  in  1885,  2,357.  Works  are 
owned  by  C.  L.  Goodhue.  Water  was  introduced  in  1877.  About 
fifty  families  were  supplied  in  1888.  The  source  of  supply  is  a 
spring  in  Agawam.  Water  is  distributed  by  gravity.  Distributing 
mains  and  service  pipes  are  of  wrought  iron,  lined  with  cement. 


Chemical  ExaminaUon  of  Water  from  Spring,  Agawam  Water  Works. 

[Pert!  per  100,000.] 

DATS  or 

RuxDUB  osr 
Stapokatiov. 

AwroHXA. 

.14 

KiTBOOBir 

Ae 

1 

a 
9S 

j 

jj 

f 

1 

1 

1 

§1 

1 

1 

1^ 

1     . 

9i 

1 

136 

Jane  17 

S7. 

Jane  18 

"X. 

Mveh. 
niety. 

0.0 

8.87 

- 

- 

.0000 

.0024 

.0000 

381 

Jaly  21 

Jaly  22 

None. 

Verytllgbt. 

0.0 

8.17 

- 

- 

.0020 

.0021 

.17 

.0130 

- 

fiO 

Aiig.16 

Ang.18 

None. 

VeryeMgbt. 
eartby. 

0.0 

2.97 

- 

- 

.0000 

.0002 

.12 

.0000 

- 

1373 
1839 

Dee.    8 

IS 

Feb.  15 

Dee.  10 

m. 

Feb.  16 

Very  eligbt. 
None. 

Coneldera. 
blu,eanby. 

Veryellgbt 

0.0 
0.0 

2.9a 
2.90 

- 

- 

.0000 
.0010 

.0032 
.0012 

.11 
.13 

.0030 
.0100 

.0001 

2249 

Apr.  18 

Apr.  19 

None. 

V,.jj..,h, 

0.0 

2.95 

- 

- 

.0004 

.0012 

.17 

.0100 

.0000 

2437 

May  16 

May  17 

None. 

Very  nlf  ght, 
ceithy. 

0.0 

3.20 
8.14 

^ 

_ 

.0000 

.0000 

: 

1 

.12 

.0200 

.0000 

AT.! 

0.0 

.0005 

.0015 

1 

.14 

.0080 

HmrdDeae  in  May,  1.4.    Odor,  none.— —  Tbe  eunplee  were  ooUeoted  ttom  a  fkueet  In  tbe  Tillage. 

Microscopical  Examination, 

April,  May,  1888.  An  inalgnlfieant  number  of  alg»  preeenU  Qroapa  of  organiame  obaerrod :  2, 
Zooapores;  Dlatomaoen. 

Water  Supply  of  Amesburt. — Powow  Hill  Water  Company. 

Description  of  Works.  —  Population  in  1885,  about  8,043. 
Works  are  owned  by  the  Powow  Hill  Water  Company.  The  com- 
pany was  chartered  to  supply  Amesbury  and  Salisbury;  but  the 
principal  part  of  Salisbury,  including  the  villages  of  Salisbury 
and  Salisbury  Point,  was  annexed  to  Amesbury  by  an  act  of  the 
Legislature  in  1886.  Water  was  introduced  in  1885.  The  daily 
average  consumption  in  1887  was  about  100,000  gallons.  The 
source  of  supply  at  first  was  a  tubular  well  system,  consisting  of  36 
tubular  wells,  45  feet  deep.     This  source  proved  inadequate  and 
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WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


was  abandoned,  and  the  sources  which  furnish  the  water  at  the  pres- 
ent time  were  selected.  These  sources  of  supply  are  14  tubular 
wells,  each  two  inches  in  diameter,  sunk  in  the  bottom  of  an  open 
basin.  The  basin  is  14  feet  deep  and  the  wells  are  sunk  to  a  depth 
of  16  feet  below  its  bottom.  There  is  also  a  supplementary  basin  80 
feet  long  and  40  feet  wide.  Pumps  force  the  water  to  an  open  dis- 
tributing reservoir,  having  a  capacity  of  500,000  gallons.  There  is 
also  a  high-service  reservoir,  having  a  capacity  of  1^500,000  gallons, 
which  is  used  for  fire  purposes  only  and  is  filled  but  twice  a  year. 
Distributing  mains  are  of  cast  iron,  and  service  pipes  of  wrought 
iron,  cement  lined. 

Chemical  Examination  of  Water  from  Tubular  Wells  supplying  Open  Basin, 

[Parta  per  100,000.] 


D4TB  or 

Apfkaramcb. 

Rbsidl-k  on 
Evaporation. 

Ammonia. 

j 

NiTROGKV 
AS 

1 

a 

1 

§1 

f 

1 

1 

1 

§1 
1-^ 

1 

1 

< 

SQ 

1 

76 

18 

Jane  10 

87. 

June  11 

Decided, 
milky. 

Very  Blight. 

0.0 

- 

- 

- 

.0006 

.0033 

.61 

.0720 

- 

294 

July    0 

Jnly    0 

Decided, 
milky. 

None. 

0.0 

7.64 

- 

- 

.0002 

.0104 

.68 

.0200 

- 

482 

ADg.  6 

Aug.  6 

Slight, 
milky. 

None. 

0.0 

7.40 

- 

- 

.0002 

.0041 

.64 

.0980 

- 

098 

Sept.  6 

Sept.  7 

Slight. 

Very  slight. 

0.0 

0.87 

- 

- 

.0004 

.0048 

.61 

.0910 

- 

892 

OcU    6 

Oct.     6 

None. 

Very  slight. 

0.0 

4.85 

- 

- 

.0026 

.0114 

.43    .0620 

- 

1111 

Nov.   7 

Nov.   8 

Very  alight. 

None. 

0.0 

6.75 

- 

- 

.0000 

.0026 

.44 

.0800 

- 

1342 

Dec.    7 

Dec.    8 

Very  slight. 

None. 

0.0 

0.15' 

- 

- 

.0000 

.0040 

.44 

.0800 

- 

1589 

18 

Jan.    5 

88. 

Jan.     6 

Very  slight. 

None. 

0.0 

6.20 

_ 

\ 

.0000 

.0012 

.45 

.0800 

.0001 

1744 

Peb.    3 

Feb.    4 

Slight, 
milky. 

Slight, 
earthy. 

0.0 

6.15 

- 

.0002 

.0030 

.43 

.0650 

.0001 

1058 

&far.    e 

Mar.    7 

^sn-r'' 

Very  slight. 

0.0 

6.25 

- 

- 

.0016 

.0046 

.45 

.0750 

.0001 

2165 

Apr.   7 

Apr.   9 

Very  slight 

Very  slight. 

0.0 

6.76 

- 

- 

.0000 

.0044 

.41 

.0700 

.0000 

2218 

Apr.  14 

Apr.  14 

Very  Blight 

None. 

0.0 

6.80 

- 

- 

.0000 

.0014 

.43 ''.0800 

1 
.42  i.0660 

.0001 

2307 

May  10 

May  11 

None. 

None. 

0.0 

6.10 

- 

- 

.0000 

.0000 

.0000 

Av. 

0.0 

1 

6.20 

- 

- 

.0004 

.0042 

.46    .0718 

.0001 

IlardneiiB  In  May,  1888, 8.0.    Odor,  sometimes  none,  oecsslonally  vegetable  and  disagreeable. The 

BampICA  were  collected  from  the  open  basin,  with  the  exception  of  Nom.  1630  and  2218,  which  were  collected 
from  a  faucet  at  the  pumping  station  while  pnroping;  and  No.  2897,  which  wss  collected  from  a  faucet  in 
the  pumping  station  after  pumplne  had  ceased.  No.  75  was  collected  at  a  time  when  the  basin  was  being 
repaired,  and  the  water  contained  much  clay. 

Microscopical  Ezaminaiion. 

April,  1888.    An  insignificant  number  of  algsa  present.    May,  1888.    Blae-green  algsa,  very  few. 
Other  algsB  present.    Groups  of  organisms  observed :    1,  Cyanophycev.    2,  Dlatomacen. 
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Chemical  Examination  of  Water  from  Low-service  Distributing  Reservoir^ 

Amesbury, 

[Psrta  per  100,000.] 


1549 

1745 

2219 
2366 

Av. 


Datx  or 


si 


Jan.    6 

Feb.    8 

Apr.  14 
aCay    7 


18  as. 

Jan.    7 


Feb.    4 

Apr.  14 
May    8 


Aptbaravcx. 


Very  slight, 
milky. 

Blight, 
milky. 

None. 

Very  alight, 
milky. 


Very  slight. 

VeryaUght. 

None. 
Slight. 


0.0 

0.0 

0.0 
0.0 


0.0 


Rrsidcr  oir 
Evaporation. 


6.15 

6.05 

6.90 
6.15 


6.06 


.0000 

.0000 

.0000 
.0014 


.0004 


an 


.0078 

.0012 

.0008 
.0080 


0045 


.44 


KiTBOOBM 


0700 

0650 

0650 
0450 


0613 


0000 

0001 

.0001 
.0003 

0001 


HardDCM  In  May,  S.6.    Odnr,  very  faint  or  none. Noa.  1549  and  2366  were  oolleeted  direotly  from 

the  reservoir;  Noa.  1746  and  2219  were  collected  fh>m  fkoceta  near  the  reaervoir,  bat  do  not,  probably, 
ivpreaent  water  that  had  been  standing  In  the  reservoir. 

Microscopical  Examination, 

April,  May,  1888.    An  Insignificant  namber  of  algn  present.     Groups  of  organisms  observed: 
2.  Zoospores;  Dlatomaceaa. 


Wateb  Supply  of  Amhebst. — Amherst  Wateb  Company. 

Description  of  WorTcs.  —  Population  in  1885,  4,199.  Works  are 
owned  by  the  Amherst  Water  Company.  Water  was  introduced  in 
1880.  There  were  about  265  service  taps  in  1887.  There  are  two 
sources  of  supply,  formerly  owned  by  different  companies,  but  now 
belonging  to  the  Amherst  Water  Company.  The  principal  source 
of  supply  is  Amethyst  Brook,  in  Pelham,  on  which  a  small  storage 
reservoir  is  built.  The  average  depth  of  this  reservoir  is  about  nine 
feet  and  the  bottom  is  of  gravel.  The  drainage  area  is  rocky  and 
hilly.  Water  is  distributed  by  gravity.  Distributing  mains  are  of 
wrought  iron,  lined  with  cement,  and  of  cast  iron ;  service  pipes 
are  of  wrought  iron.  The  second  source  of  supply  is  a  small,  cov- 
ered reservoir,  fed  by  springs  or  wells,  located  in  Pelham.  Water 
from  this  source  was  introduced  in  1887.  The  reservoir  is  70  feet 
long,  40  feet  wide  and  6  feet  deep.  The  springs  or  wells  are  seven 
in  number,  and  are  all  covered.  Water  flows  by  gravity  from  the 
wells  to  the  reservoir,  and  thence  to  the  town.  The  distributing 
mains  and  service  pipes  of  this  system  are  of  wrought  iron,  tarred. 
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Chemical  Examination  of  Water  from  Amethyst  Brook  Storage  Reservoir, 

[Parts  p«r  100,000.] 


178 
895 
840 
1206 

1682 

2121 


Av. 


D4TB  OF 


18 

Jane  22 

July  28 
Sept.  21 
Nov.  16 

18 

Jan.  24 

Mar.  28 
May  28 


87. 

Jane  24 

Jaly  25 

Sept.  23 

Noy.  17 

88. 
Jan.  25 

Mar.  80 
May  29 


Appbabakox. 


Very  slight. 
Very  slight 
None. 
Distinct. 

None. 

Slight. 
None. 


Very  slight. 
None. 
None. 
Very  slight. 

Sllffht. 
blaelc. 

Very  slight. 

None. 


0.80 
1.20 
0.50 
1.20 

0.25 

0.30 
0.40 


Kksidcb  ok 

EVAPORATIOir. 


1-^ 


4.70 
4.80 
8.60 
4.70 

8.20 

2.80 
2.55 


8.60 


1.12 
1.67 
0.95 
1.60 

0.95 

0.90 
0.95 


8.58 
8.13 
2.65 
8.20 

2.25 

1.40 
1.60 


2.54 


•6 


.0005 
.0012 
.0000 
.0002 

.0000 

.0000 
.0000 


.0098 
.0218 
.0079 
.0163 

.0054 

.0072 
.0088 


.0003 '.0109 

I 


.11 


KITBOOBH 


.0190 
.0130 
.0030 
.0080 

.0120 

.0050 
.0050 


.0084 


.0000 

.0000 
.0001 


Hardness  In  May,  1.8.    Odor,  generally  none. The  samples  were  collected  fh)m  a  fhocet  in  the 

Tillage.  The  dam  of  the  Amherst  Water  Comi>any  was  carried  away  In  tho  latter  part  of  Angnst,  1887, 
and  was  rebuilt.  A  small  dam  above  the  reservoir  was  carried  away  Nov.  15, 1887,  which  may  have 
affected  the  sample  collected  the  next  day. 

Microscopical  Examination, 
March,  May,  1888.    An  Insignificant  number  of  organisms  present. 


■  Chemical  Examination  of  Water  from  Springs  in  Pclham, 

[Parts  per  100,000.3 


179 
430 
746 
882 

1683 


Av. 


Datb  op 


18 

June  22 

July  27 
Sept.  12 
Sept.  19 

18 

Jan.  24 

Apr.  2C 


87. 

Jane  24 

July  29 

Sept.  18 

Sept.  22 

88. 
Jan.  25 

Apr.  27 


Afpkabakcb. 


None. 
Very  slight 
Very  slight. 
None. 

None. 
Very  slight. 


None. 
None. 
None. 
Oonsid'ble. 

None. 
Very  slight. 


0.00 
0.00 
0.00 
0.00 

0.26 
0.00 


Residck  ok 

EVAl'ORATIOM. 


3.15 
3.17 
8.45 
8.40 

2.80 
1.90 


2.98 


Amxokia. 


.0000 
.0000 

.0000 
.0004 


.0014 
.0012 
.0013 
.0045 

.0050 
.0010 


.0024 


KlTROGEK 
AS 


.0000 

oiao 

.0070 
.0080 

.0090 
.0020 


,0067 


.0000 
.0000 


Odor,  generally  none. The  samples  were  collected  fVom  a  faucet  in  the  village. 


Microscopical  Examination, 
April,  1888.    DiatomacetB  present  In  insignificant  numbers. 
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Water  Supply  of  Ablington. 
Description  of  Works.  —  Population  in  1885,  4,673.  Works  are 
owned  by  the  town.  Water  was  introduced  in  1872.  The  source 
of  supply  is  a  storage  reservoir  on  North  Brook,  in  Lexington  :  area, 
31  acres ;  average  depth,  about  8  feet ;  capacity,  77,000,000  gallons ; 
bottom,  muddy.  The  drainage  area  is  about  2,700  acres.  A  large 
part  of  it  is  meadow  land,  and  the  remainder  cultivated  land  and 
pasture,  with  some  wood  land.  There  are  very  few  dwellings  on  the 
drainage  area.  A  reserve  reservoir,  made  by  flowing  Great  Mead- 
ows, in  Lexington,  to  a  slight  depth,  is  drawn  upon  when  needed. 
Generally  the  water  from  this  reservoir  is  allowed  to  flow  past  the 
main  reservoir  into  the  brook  below  it.  In  1876  *^  the  water  commis- 
sioners, hearing  many  complaints  about  the  quality  of  the  water  and 
learning  that  some  persons  were  relinquishing  its  use,''  built  a  filter- 
gallery  near  the  upper  end  of  the  reservoir.  In  1877  and  1883  ad- 
ditions to  the  gallery  were  built,  so  that  at  the  present  time  the 
filtering  plant  comprises  a  gallery  235  feet  long,  on  the  shore  of 
the  reservoir  near  the  upper  end ;  a  gallery  150  feet  long,  beneath  the 
bottom  of  the  reservoir,  connected  with  the  first  by  a  smaller  gallery 
375  feet  long ;  and,  finally,  a  gallery  below  the  dam  98  feet  long,  con- 
nected with  the  others  by  a  brick  conduit  with  plank  bottom.  From 
the  last-mentioned  gallery,  water  is  drawn  into  the  main  supply  pipe 
to  the  town.  At  some  seasons  of  the  year  the  galleries  do  not  fur- 
nish a  sufficient  supply  for  the  town,  and  water  is  drawn  directly  from 
the  reservoir.  Water  is  distributed  by  gravity.  Distributing  mains 
and  service  pipes  are  of  wrought  iron,  lined  with  cement.  For  ex- 
tensions to  distributing  mains  cast  iron  is  now  used. 

Chemical  ExaminaHon  of  Water  from  Arlington  Filter  Gallery, 

[Parts  per  100.000.] 


79 

628 

1421 

1&S3 


I 


1ft 

Jono  10 


Aug.  12 


Dee.  15 


19 

J&n.  14 


d 


Juoell 


Aug.  12 


Dee.  16 


SS. 

Jan.  14 


Appxaramck. 


Decided, 
milky. 

Decided. 


Deeided, 
opalesce't. 

Decided, 
0[Miieeee^. 


Very  slight 


Considera- 
ble. 

Slight. 


Con.,earthy 
and  floo'i 


0.60 
0.00 
0.30 
0.20 


Rrsiduk  ok 
evapusatiok. 


6.45 
7.30 
7.45 
6.05 


l^ 


1.92 
2.20 
1.80 
1.85 


4.53 
5.10 
5.65 
6.60 


,0206 
.0137 
.0252 
.0240 


.1 


.0135 
.0332 


.0106 
,0110 


.70 
.75 


KlTBOOBM 

AM 


.0000 


.0420 
.0800 


.0000 
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Oiemical  Examination  of  Water  from  Arlington  Filler  Oallery — Concluded. 


Datb  or 

Appbabahcb. 

Kbbidub  ox 

EVAl*OKATlOM. 

AXMOVIA. 

1 

Kitboolx 

AH 

1 

fi 

f 

^ 

1 

I 

il 

1^^ 

1 

1 

.0123 

.1000 

1 

2166 

Apr.   9 

Apr.   9 

Decided. 

Conaidera- 
ble. 

0.35 

6.40 

1.10 

5.80 

.0162 

.« 

.0001 

3426 

BCay  14 

May  15 

Distinct, 
milky. 

Very  alight. 

0.20 

6.25 

1.50 

4.75 

.0104 

.008A 
.0086 

.46 

.0900 

.0004 

2618 

Jane  15 

jQoe  16 

milky. 

Slight, 
white. 

0.20 

6.50 

1.9S 

4.55 

.0258 

.0176 
.0130 

.58 

.0800 

.0004 

27T7 

July  14 

July  14 

Decided, 
milky. 

Considera- 
ble. 

0.15 

7.60 

1.55 

6.0S 

.0230 

.0102 
.0142 

.67 

.0500 

.0006 

2918 

Aag.  10 

Aug.  11 

Slight. 

Blight. 

0.10 

6.75 

1.25 

5.50 

.0186 

.0156 
.0138 

.64 

.0150 

.0017 

8186 

Sept.  8 

Sept.  10 

Dittlnot, 
milky. 

Very  Blight 

0.05 

,  7.35 

1.10 

6.25 

.0246 

.025H 
.0162 

.69 

.0400 

.0007 

8320 

Oct.     8 

Oct     9 

Diatlnot. 

Con.,  light 
green. 

0.80 

6.00 

2.25 

5.7S 

.0020 

.0R7fl 
.0350 

.64 

.0150 

.0002 

8621 

No?.  10 

Nov,  12 

Decided. 

Con.,  light 
colored. 

0.25 

7.70 

1.70 

6.00 

.0282 

.0198 
.0164 

.71 

.0300 

.0012 

8653 
8821 

Dee.    5 

18 

Jan.    8 

Deo.    6 

81>. 

Jan.    4 

Diiitlnct, 
milky. 

Sllelit, 
milky. 

Slight. 

Slight, 
earthy. 

0.05 
0.20 

6.70 
6.40 

1.70 
1.75 

5.00 
4.6S 

.0064 
.0164 

.0120 
.0114 

.0116 
.0094 

.64 
.66 

.1500 
.1900 

.0004 
.0002 

8995 

Feb.    8 

Feb.    8 

Decided, 
milky. 

Very  Blight. 

0.10 

6.45 

1.46 

5.00 

.0038 

.0076 

.0054 

.67 

.1100 

.0005 

4247 

Mar.   7 

Mar.    8 

Decided, 
milky. 

'TA. 

0.05 

6.50 

1.85 

4.65 

.0012 

.0080 
.0058 

.67 

.0070 

.0002 

4472 

Apr.    4 

Apr.   6 

DUtinct, 
milky. 

Very  Blight. 

0.00 

6.85 

1.70 

4.85 

.0060 

.0090 
.0072 

.65 

.0700 

.0008 

4651 

May  18 

May  18 

DIetlnct, 
milky. 

Slight. 

0.20 
0.24 

6.W 

1.80 

5.1S 

.0000 

.0106 
.0086 

.63 
.60 

.0500 
.0603 

.0008 

Av. 

6.80 

1.04 

5.16 

.0148 

.0173 

.0005 

Hardnees  in  May,  1888.  8.1.    Odor,  generally  very  faint  or  none. The  aamplei  were  roHect^d 

from  a  faucet  in  the  houae  nearest  the  fllter-gitllery.  As  this  faucet  is  sometimes  supplied  from  tho 
filter- gallery,  aametimes  flrnm  the  renirvolr  and  sometimes  from  both,  it  is  possible  that  Bome  of  tho 
analyBCB.  notably  Dttmbera  528, 1421. 1593,  2426. 2618,  8820  and  4651.  contain  reservoir  water. 

MicroacoptccU  Examination* 


1888. 

1889. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Bloe-green  AlgtB,  .... 

0.0 

0.0 

0.0 

pr. 

64.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algse, 

8.0 

0.8 

0.0 

0.2 

10.7 

1.7 

0.0 

pr. 

pr. 

0.1 

0.0 

2.0 

8.  Fangl. 

0.7 

5.0 

0.0 

0.7 

0.0 

0.0 

65.0 

0.5 

15.0 

2.5 

50.0 

30.0 

4.  Animals, 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

Groups  and  principal  itenera  of  organisms  observed!  1,  Cyanophyceaa,  ClathrvcytU:  2,  Pal- 
mellacen-  Zoosporea.  ScenftUtmut;  DesmldlacesB :  Diatomaeee:  Zygnemacea.  8,  Schisomyoetes. 
OrenothriK,    4,  Protosoa;  Kutomostraca. 
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Chemical  Examination  of  Water  fnm  Arlington  Storage  Seeervoir. 

[Put!  per  KKMMD.] 


Dat«  o» 

AmAIAllCI. 

Rrsidub  ok 

£VAlH>aAT10K. 

AmCOVTA. 

1 

KITBOOBK 
AS 

1 

j 

|1 

f 

1 

1 

1 

i 

1 

1 

il 

< 

» 

1 

78 

June  10 

87. 

Jaoell 

Deoided. 

Con.,nwty. 

1.00 

8.05 

8.85 

4.20 

.0004 

.0788 

.82 

.0130 

- 

810  July  12 

July  12 

Dedded. 

Slight,  br'n. 

0.60 

7.42 

2.20 

5.22 

.0055 

.0554 

.66 

.0070 

- 

T31   Sept.l2 

Sept.  12 

Dedded. 

Coneld*ble. 

0.60 

0.85 

2.67 

6.08 

.0006 

.0620 

.76 

.0070 

- 

M8 

Oct,  18 

Oct.  14 

Dedded. 

Con.,«reen. 
idi  brown. 

0.60 

9.10 

2.95 

6.15 

.0004 

.0760 
.0242 

.82 

.0090 

- 

M9 

Oct.  13 

Oct.  14 

Dedded. 

Con..green. 

0.60 

9.10 

8.15 

5.95 

.0000 

.0728 

.80 

.0070 

- 

U66 

Not.  11 

Not.  11 

Dedded. 

Mneh,  light 
oolored. 

0.80 

8.20 

2.55 

5.65 

.0004 

.0580 

.88 

.0030 

- 

IIM  Not.  11 

Not.  11 

Dedded. 

Oon.,yel*sh 
brown. 

0.80 

8.06 

2.50 

5.65 

.0007 

.0600 

.88 

.0040 

- 

1410   Dm.  15 

IS 

1M2   Jan.  14 

Dee.  16 
Jan.  14 

DIetinet, 
green. 

BHght. 

VerysUght. 
Slight,  br'n. 

0.65 
0.70 

8.40 
7.85 

2.M 
2.50 

5.60 
4.86 

.0028 
.0004 

.0410 
.0264 

.0845 

.85 
.69 

.0200 
.0650 

.0001 

1774 

Feb.    8 

Feb.    8 

SllgbU 

B'y,  earthy 
and  floe't.t. 

0.65 

8.20 

2.60 

5.60 

.0091 

.0820 

.75 

.0600 

.0002 

IMl 

ICar.  7 

Mar.   7 

DIeUnet. 

VerysUgfit. 

0.50 

A. 85 

1.90 

8.96 

.0006 

.0260 

.58 

.0350 

.0001 

34S 

tfay  14 

May  16 

Decided, 
griien. 

Slight, 
green. 

1.10 

6.50 

2.60 

8.90 

.0000 

.0246 

.52 

.0060 

.0007 

S8I7 

JaneU 

JnnelO 

Dedded. 

Oondd'ble, 
green. 

0.80 

6.80 

1.95 

4.35 

.0000 

.0460 
.0256 

.60 

.0020 

.0000 

»14 

Aug.  10 

Ang.  11 

DIeUnet. 

Oondd'ble, 
green. 

0.30 

6.80 

t.OO 

4.80 

.0000 

.0490 
.0274 

.75 

.0000 

.0001 

8U7 

Sept.  8 

Sept.  10 

DUttDct. 

Condd'ble. 
green. 

0.20 

6.65 

2.30 

4.35 

.0016 

.0528 
.0288 

.69 

.0020 

.0002 

S819 

Oct.     8 

OeU    0 

Diatinct. 

Con.,earthy 
and  green. 

2.80 

10.30 

3.55 

6.75 

.0020 

.OiMO 
.0446 

.60 

.0450 

.0008 

S520   Not.  10 

Not.  12 

Distinct. 

ITeaTy.red- 
dleh  brown 

1.20 

7.50 

2.40 

5.10 

.0042 

.0496 
.0318 

.70 

.0200 

.0004 

a052 
8S20 

Deo.    A 

IS 

Jan.    8 

Deo.    6 
Jan.    4 

DUUnet. 
Slight. 

dllght. 
Slight. 

0.80 
0.60 

8.30 
5.65 

2.60 
1.60, 

3.70 
4.05 

.0004 
.0006 

.0378 
.0280 

.0290 
.0202 

.61 
.55 

.0600 
.0600 

.0002 
.0004 

9M4 

Feb.    8 

Feb.    8 

Slight. 

VerysUght. 

0.83 

6.20 

i.ro 

1 
4.50 ' 

.0024 

.0194 
.0174 

.09 

.0630 

.0002 

4216 

Har.    7 

Mer.  8 

Slight, 
milky. 

Ooneld'ble. 
flbron«. 

1.20 

1 
6.60,2.65 

1 
4.05 

.0080 

.0870 
.0292 

.52 

.0400 

.0008 

44n 

Apr.  4 

Apr.  6 

VeryiUght. 

Considera- 
ble. 

0.90 

6.95 

2.50 

4.46 

.0052 

.0308 
.0270 

.59 

.0550 

.0004 

4050 

ICay  18 

May  18 

Dedded. 

H'Ty.  light 
green. 

0.55 

6.25 

1.95 

2.00 

4.30 

.0012 
.0024 

.0508 

.0252 
.0475 

.08 
.09 

.0020 
.0246 

.0000 

At. 

0.73 

7.96 

5.27 

.0002 

Hardness  fn  May,  1888, 2.8.    Odor,  ftUntly  Te«etab1e  and  grassy;  »e1dom  monldT. The  samples 

were  eoUeeted  fh>m  the  reeenrolr  near  the  gato-houM*,  with  the  exofotiun  of  Nos.  1774  and  1961,  which 
were  oulleetiHl  from  »  fsoept  In  the  honse  n«*arest  the  resvrrolr  while  water  was  being  drawn  from  the 
reeerrotr  only ;  ani  No.  2735,  which  was  solleeted  from  a  fauoet  in  the  Tillage,  at  a  time  when  the  entire 
sapply  of  tbe  town  .tas  bdng  drawn  from  the  reserTolr. 

Digitized  by  LjOOQIC 


>8i 


16 


WATER  SUPPLY  AND  SEWERAGE. 

Mierotoopical  Examination. 


[Dec. 


189S. 

18S». 

Jane. 

Aug. 

Sept. 

Oct 

Not. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blae^roen  AlgiB,    .       .        .       .        . 

0.0 

pr. 

0.8 

pr. 

0.0 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algn, 

191.6 

60.6 

10.0 

5.7 

37.2 

8.6 

4.0 

1.2 

0.7 

1.0 

481.4 

8.  Fungi 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animals 

pr. 

6.2 

1.1 

0.2 

1.6 

0.4 

7.1 

4.7 

0.0 

0.0 

0.6 

Oronps  and  principal  (fcnera  of  orgnnlama  obnerved:  1,  Cy anophyeen,  ClathrocyttU.  2,PalnioU 
laorsB,  Chlorocorrun;  Zoo«iM>r«*»,  P^dinvtrum^  Sctnedeumwtj  Dfmnldlaoeae.  Ot^rnnarium^  Stauraatrum; 
Diatomacee,  Altlotira,  Synedra;  ZyKoeiuaoee.   4,  Protozoa,  Dinobrffon;  Entomoatraca. 

Chemical  JSzamincUion  of  Water  from  Brook  above  Arlington  Storage  Reservoir. 

[Parte  per  100,000.] 


2T31 


Datb  or 


18 

Jaly   6 


A 


88. 
July    7 


ArPSABAKCB. 


Very  ellght, 


Slight. 


Db^idob  oy 
Evaporation. 


8.09 


p 


t.to 


5.85 


Ammonia. 


.0012 


1= 


0122 


.81 


KiTROGKN 
A8 


,1400 


OOOO 


Odor,  Douc— —  The  samplu  was  collcctod  from  tho  brook  about  800  feet  above  the  storage  reservoir. 

Water  Supply  op  Arlington. — Middlesex  Aqueduct  Company. 

This  is  a  small  water  supply,  introduced  in  1799,  and  at  present 
supplying  about  34  families.  The  source  of  supply  is  a  spring. 
"Water  is  distributed  by  gravity,  through  cement-lined  iron  pipes. 


Chemical  Examination  of 

Water  from  Spring 

[Parts  per  100,007.] 

,  Middlesex  Aqueduct  Company, 

Datb  or 

1               Appbasancb. 

Rksiduk  on 
Evaporation. 

Ammonia. 

s 

i 

.66 

.68 

.50 

NiTROGBN 
AS 

1 

'A 

j 

,1 
§1 

f 

1 

1 

^ 

|i 

1 

.0000 
.0000 

t 
.0000 

.0022 
.0087 

.0032 

S 

i 
1 

786 
1422 

Wll 

18 

Sept.  15 

Dec.  14 

18 

May  14 

87. 

Sept.  16 

Doc.  16 

88. 
May  14 

1 

'None. 

1 
None. 

None. 

Very  slight. 
Very  slight. 

Consld'ble. 
brown. 

0.0 
0.2 

0.0 

10.70 
0.50 

0.00 
0.73 

- 

- 

.1050 
.2400 

.1260 

.0000 

Av. 

- 

- 

- 

.0000 

.0047 

.6. 

.1867 

, 

Hardnesa  in  May,  4.8. Odor,  very  faint  or  none. The  samples  were  collected  from  a  faucet  in 

the  village. 

Microscopical  Examination, 

May,  1888.    An  Inalgnfflcant  number  of  algas  present.    Fiingl  present.    Groups  and  principal  genera 
of  orgauiamaobaenred:  8,  Zoospores);  Diatomacess.    3,  ScblBomycetes,  OrenothHx. 
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Chtmieal  Examination  of  Water  from  Spy  Pond,  Arlington. 

[PuM  vtr  100,000.] 


Bate  or 

Ammbabascb. 

RK8IDUK  ON 
EVAPOBATIOX. 

Ammonia. 

NlTRnOKN 
AS 

1* 

§ 

1 

1 

H 

«: 

1 

1 

fi 

1 

1 

ia 

s 
1 

5? 

is'ss. 

3317 

Oct.     5 

Oct.    0 

Diitinet. 

Slight, 
grtten. 

0.00 

14.80 

2.05 

12.75 

.0242 

.0418 
.0334 

2.57 

.0500 

.0048 

3654 

Dec    6 
18 

Deo.    7 
8». 

Dtotinct. 

Slight. 

0.05 

15.55 

3.(5 

12.30 

.0768 

.0852 
.0280 

2.21 

.1300 

.0043 

4172 

Feb.  28 

Uar.   1 

Distinct. 

Very  slight. 

0.05 

16.75 

3.05 

13.70 

.0066 

.0380 
.0290 

2.16 

1 

.1500 

.0012 

At. 

0.03 

.0350 

.0383 

'2.31 

.1100 

.0037 

15.70 

2.78 

12.92 

.0301 

Odor,  faintly  earthy  or  mouldy. The  namples  were  collected  from  the  pond.     No.  3317  was 

collected  about  twenty  fret  from  shore  at  Addison  Gage  &  Ck>.*s  Ice-house  at  upper  end  of  pond.    No. 
8664  was  collected  fh>m  the  float  at  the  Arlington  Boat  Club  house.  / 


Chemical  Examination  of  Walerfrom  Little  Spy  Pond^  Arlington, 

[Parts  per  100,000] 


Datb  or 

Apprabahcb. 

EVAPORATIOK. 

Amxosia. 

g 

NITROGKM 
AS 

3 
7\ 

1 

^1 
1^ 

f 

1 

1 

1 

1 

ia 

F* 

1 

>5 

3685 

4173 

18 

Dec    6 

18 

Feb.  28 

88. 
Dee.    7 

88. 
Mar.    1 

Decided. 

Decided, 
green. 

"VST' 

Slight. 

0.2 
0.2 

12.95 
16.55 

3.50 
3.15 

9.45 
13.40; 

.0000 
.0058 

.0416 
.0260 

.0390 

.om 

1 
1 
1.49 

1.70 

.2800 
.1750 

.0019 
.0020 

Odor,  none. The  samples  were  collected  fh)m  the  pond  near  the  Ice-houses.    Water  was  very 

high  In  the  pond  at  the  time  of  collecting  sample  No.  8805. 


Water  Supplt  of  Ashbuknham.  —  Naukeaq  Water 
Company. 

Description  of  Works. — Population  in  1885,  2,058.  Works  are 
owned  by  the  Naukeag  Water  Company.  Water  was  introduced  in 
1870.  About  30  families  were  supplied  in  1887.  The  source  of 
supply  is  a  small  storage  reservoir,  formed  by  a  dam  75  feet  long 
and  15  feet  high,  located  on  the  side  of  a  large  hill.  The  bottom 
of  the  reservoir  is  of  ledge  and  clay ;  all  the  turf  and  loam  were 
removed  from  the  bottom  of  the  reservoir  at  the  time  of  its  con- 
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WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


struction.  The  drainage  area  is  used  mostly  for  pasturage,  and  is 
not  large.  During  the  wet  portions  of  the  year  a  small  stream  inins 
into  the  reservoir,  while  in  dry  times  the  surface  flow  ceases  and  all 
water  entering  the  reservoir  comes  from  springs.  Distributing 
mains  are  of  wrought  iron,  lined  with  cement.  Service  pipes  are 
of  lead. 


Chemical  Exa/miiuUion  of  Water  from  the  Ashburnham  Storage  Reservoir, 

[Parts  per  100,000.] 


Datb  ur 

APPKARAMCB. 

1          ItKSIUDK  ON 
'       BVAPUKATION. 

AMXOXI4. 

1 
.15 

NlTBOOKSr 

1 

1 

1^ 

f? 

1 

1 

sl 

11 

1 

1 

if 

< 

I 

Z 

194 

IS 

June  24 

87. 
Jane  25 

Veryellght. 

None. 

0.00 

8.03 

0.67 

2.48 

.0000 

.0081 

.0130 

^ 

413 

July  26 

July  28 

Very  Blight. 

None. 

0.16 

2.62 

0.25 

2.27 

.0002 

.0056 

1 
.14 

.0190 

- 

618 

Aug.  25 

Ang27 

Very  Blight. 

None. 

0.00 

2.52 

0.60 

2.02 

.0010 

.0060 

.08: 

.0160 

- 

848 

Sept.  23 

8epU24 

f^one. 

Conaldera- 
ble. 

0.00 

2.96 

0.70 

2.26 

.0000 

.0087 

•"1 

.0210 

- 

1480 
1681 

Dee.  22 
Jan.  24 

Deo.  23 

88. 
Jmd.  25 

None. 
None. 

CtinBldera. 
ble. 

None. 

0.00 
0.00 

2.40 
2.46 

0.40 
0.36 

2.00 
2.10 

.0012 
.0000 

.0031 
.0018 

1 

.16 
.13 

.0330 
.0400 

.0002 
.0000 

2110 

Mar.  27 

Mar.  28 

Slight. 

Coneldera- 
ble,  brown. 

0.00 

2.36 

0.60 

1.75 

.0000 

.0060 

.12 

.0200 

.0001 

2629 

May  28 

May  29 

Slight. 

Slight. 

0.00 

1.96 

0.23 

1.70 

.0000 

.0074 

.12 

.0080 

.0001 

8038 

Aog.24 

Aag.25 

DUUnet. 

Con.,  light 
green. 

0.00 

2.9S 

0.70 

,.« 

.0000 

.0236 
.0072 

.16' 

1 

—  1 

.0020 

.0000 

Ay. 

2.62 

0.46 

2.07 

.0003 

.0077 

.0191 

.0001 

HnrdnoBB  In  May,  1888, 1.1.    Odor,  very  ftini  or  none. The  vaofiploa  were  colleoied  from  a  faucet 

In  the  village.    Thuro  were  beayy  raloa  Just  previoua  to  July  26, 1887. 


Microscopical  Examination. 


1888. 


May. 


Aug. 


1.  Blue-green  AIg», 

2.  Other  Algs, 

3.  Fuogi, 

4.  Animal  Forma, . 


0.0 
1.4 
0.0 
pr. 


0.0 
1.2 
0.0 
0.0 


0.0 
5.3 
0.0 
pr. 


Oroupe  and  principal  gonera  of  organlama  obaervod*    2,  Palmellaces,  Chlorococctu ;  Zoosporen; 
DeamidiaceaB ;  DtatomacetB.    4,  Protoxoa. 
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Chemieal  Examination  of  Water  from  Upper  Naukeag  Pond  in  Athbumhcan. 

[Pnts  per  100,0001] 


Date  of 

Appbarancb. 

Rbsidub  oir 

EVAFORATIOX. 

Amxoxia. 

.08 

NITKOOBN 
AS 

1 

1 

jl 

f 

1 

i 

5 

5 

1 

t 

En 

ll 

S 

1 

- 

18 

Ifar.ao 

88. 

Mar.  22 

Very  slight. 

Very  Blight, 
white. 

0.10 

2.40 

0.70 

1.70 

.0004 

.0136 

.0050 

.0000 

235S 

May    4 

May    ft 

Blight. 

Slight. 

0.20 

1.85 

0.65 

1.20 

.0000 

.0142 

.12 

.0080 

.0001 

2579 

June  8 

Jane  9 

VerysUght. 

Considera- 
ble, white. 

0.10 

1.75 

0.60 

1.15 

.0000 

.0160 
.0088 

.09 

.0050 

.0000 

80O5 
4506 

Aag.21 

18 

Apr.  12 

Aag.22 

80. 

Apr.  13 

SUght. 
VeryaUght. 

Very  slight. 
Slight. 

0.10 
0.05 

t.05 
1.95 

0.45 
0.85 

1.60 
1.10 

.0002 
.0000 

.0140 
.0132 

.0196 
.0184 

.06 
.08 

.0000 
.0020 

.0002 
.0000 

Av. 

0.11 

2.12 

0.67 

1.45 

.0001 

.01551 

1 

.0, 

.0040 

.0001 

Hardness  Id  May,  1888,  0.8. The  samples  were  collected  from  the  pond  near  the  outlet  at  a  depth 

of  about  6  inches  beneath  the  surface.    All  the  samples  of  water  examined  from  this  pond  have  had  a 
peculiar  and  distinctly  disagreeable  odor. 


Microscopical  Examination, 


1.  Blue-green  Algeo, 

2.  Other  Algfl9,  . 
8.  PnngI,  . 
4.  Animal  Forma, 


May. 


0.0 
0.2 
0.0 
pr. 


pr. 
0.5 
0.0 
pr. 


Aug. 


0.0 
0.2 
0.0 
1.1 


1889. 


April. 


0.0 
0.2 
0.0 
0.8 


Oroupe  and  principal  genera  of  organisms  obserred:    1,  Cyanophycosd.    2,   Palmellaceis;   Zoo- 
spores; Deamidiace»;  Dlatomaoen;  Zygnemaoeeo.    4,  Protozoa;  Rotlfera;  Entomostraca. 


TTater  Supply  of  Athol.  —  Athol  Water  Company. 

Description  of  Works,  —  Population  in  1885,  4,758.  Wprks  are 
owned  by  the  Athol  Water  Company.  Water  was  introduced  in 
1875.  There  were  about  450  service  taps  in  December,  1887. 
There  are  two  sources  of  supply.  One  is  a  small  brook  in  Phillips- 
ton,  where  a  storage  reservoir,  having  an  area  of  about  20  acres,  has 
been  constructed.  This  reservoir  is  shallow  ;  its  maximum  depth  is 
about  11  feet,  and.  its  average  depth  much  less.     The  quality  of  the 
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[Dec. 


water  in  this  reservoir  being  unsatisfactory ,  a  small  reservoir,  holding 
about  a  day's  supply,  was  built  just  above  it,  and  the  main  pipe  was 
extended  to  this  reservoir,  so  as  to  supply  the  town  from  this  source 
when  the  quantity  of  water  is  sufficient.  These  reservoirs  are  des- 
ignated as  the  large  and  small  Phillipston  reservoirs. 

The  second  source  of  supply  is  Buckman  Brook,  in  Athol ;  stor- 
age being  furnished  by  an  old  mill-pond,  known  as  Newton's  Pond, 
or  the  Buckman  Brook  Reservoir.  The  area  of  this  reservoir  is 
about  8  acres,  and  its  average  depth  from  12  to  15  feet.  The  upper 
village  at  Athol  is  supplied  by  gravity  directly  from  the  Phillipston 
reservoirs ;  but  as  this  reservoir  is  about  500  feet  above  the  lower 
village,  fend  a  direct  supply  would  give  too  great  a  pressure,  it 
is  diminished  by  turning  the  water  into  two  distributing  reservoirs, 
known  as  the  Pleasant  Street  and  Summer  Street  distributing  reser- 
voirs. Both  of  these  reservoirs  are  at  the  same  level,  and  receive 
water  from  the  source  in  Phillipston ;  but  only  the  latter  receives 
water  from  Newton's  Pond,  and  the  amount  received  from  this, 
source  is  limited  by  the  small  capacity  of  the  connecting  pipe.  The 
Pleasant  Street  distributing  reservoir  is  rectangular  in  shape,  and  its 
depth  is  about  12  feet  when  filled  to  the  top  of  the  bank.  The 
Summer  Street  distributing  reservoir  is  irregular  in  shape,  with  a 
maximum  depth  of  15  feet.  Distributing  mains  are  of  cast  iron, 
and  service  pipes  are  of  wrought  iron  and  lead.  A  mechanical  filter 
has  recently  been  connected  with  the  main  pipe  from  the  Phillipston 
reservoir. 


Chemical  Examination  of  Water  from  Bttckman  Brook  Reservoir,  Athol. 

[Parti  per  100,000.] 


060 
1148 

1406 


Ay. 


Date  of 


18 

Oct.  12 


Nov.   » 


Dec.  18 


87. 

Oct.  14 


Nov.  11 
Deo.  15 


Appbabakcb. 


Very  iUght. 
Slight. 


DlBtlnot, 
milky. 


Slight. 
Very  Blight. 


Considera- 
ble. 


0.50 
0.30 

0.25 
0.85 


BB8IDI7B  OH 
EVAPORATIOV. 


3.35 
3.80 

3.95 


3.53 


§1 


1.10 
1.10 

1.15 


1.12 


2.25 
2.20 

2.80 


Ammokia. 


.0004 
.0000 

.0416 


,0140 


1 


,0152 
.0139 


.0124 
,0100 


0138 


.14 


KlTROOKV 


.0180 


.0083 


Odor,  very  faintly  vegetable.  ——The  eamples  were  collected  from  the  reeervolr. 
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Chemicai  Examination  of  Water  from  Small  Reservoir  in  PhUlipaUm. 

Crwti  per  100,000.] 


Datc  or 


^1 
It 


321 
531 
742 
951 
1140 
1405 

1818 
1986 


Av. 


Jnly  11 
Aag.ll 
Sept.  12 
Oei.  13 
Nov.  9 
Dec.  13 

18 

Feb.  13 

ICar.   8 


18!87. 
July  13 


Aug.  12 
Sept.  13 
Oct.  14 
Nov.  11 
Dee.  15 

88. 

Feb.  14 

Mar.  10 


Afpbaraxcs. 


I 


Very  Blight. 
VerysUght. 
Slight. 
Very  slight. 
Very  slight. 
Very  sUght. 

Very  slight. 
Very  Blight, 


Blight. 
Slight. 
Very  slight. 
Very  slight. 
Blight. 
Very  slight 

Slight. 
Slight. 


0.70 
1.50 
1.20 
1.40 
0.70 
1.00 

0.70 
0.80 


1.08 


Rksidub  ok 
evapokjltiok. 


4.00 
4.02 
8.07 
4.65 
4.00 
4.25 

8.20 
8.15 


8.08 


1.35 
2.07 
1.62 
2.05 
1.25 
1.05 

.1.36 
1.10 


1.50 


2.65 
2.55 
2.85 
2.60 
2.75 
2.30 

1.85 
2.05 


2.80 


.0012 
.0018 
.0007 
.0000 
.0000 
.0012 

.0012 
.0007 


,0000 


5a 


.0120 

.0334 

.0167 

.0208 

.0118 

.0216 
Mtft 

.0146 

.0000 


.0176 


.13 


.0100 
.0080 
.0080 
.0070 
.0050 
.0080 

.0000 
.0080 


,0066 


.0000 
.0000 


Odor,  very  faintly  vegetable. The  samples  were  collected  from  the  apper  or  small  reservoir  at 

Phillipston.    This  reservoir  ia  located  Just  above  the  large  Phlllipston  Beservolr. 


ChemietU  Examination  of  Water  from  Large  Reservoir  in  Phillipston, 

[Part*  per  100,000.] 


Datk  op 

Appbarakcb. 

Rk.^idur  ow 

EVAPORATIUN. 

Ammonia. 

i 
1 
s 

NiTROGKN 

AS 

s 

1 

a" 

f 

1 

1 

H 

sl 

1-^ 

1 

1 

|l 

5 

9. 

1 

70 

18 

Jnne  9 

87. 

Jane  11 

Distinct. 

Mnoh, 
roaty. 

1.80 

4.42 

2.17 

2.25 

.0027 

.0502 

.14 

.0070 

- 

1404 

Dec.  13 

Dec.  15 

Distinct. 

%^. 

1.20 

4.05 

1.60 

2.45 

.0028 

.0218 
.0188 

.17 

.0080 

- 

1407 

Dec.  13 

Dec.  15 

Very  slight. 

Very  slight. 

0.70 

3.60 

1.45 

2.15 

.0010 

.0108 

.15 

.0020 

- 

1570 

18 

Jan.  10 

88. 
Jan.  11 

Very  slight. 

Very  slight. 

1.00 

3.50 

1.20 

2.30 

.0007 

.0167 

.00 

.0180 

.0000 

15n 

Jan.  10 

Jan.  11 

Very  slight. 

Very  slight. 

0.00 

3.55 

1.40 

2.15 

.0047 

.0158 

.00 

.0200 

.0000 

1817 

Feb.  18 

Feb.  14 

Very  slight. 

Slight. 

0.60 

3.20 

1.20 

2.00 

.0018 

.0166 

.14 

.0100 

.0000 

1987 

Mar.    8 

Mar.  10 

Very  slight. 

Very  slight. 

0.80 

2.05 

1.10 

1.85 

.0005 

.0138 

.10 

.0100 

.0000 

Av. 

0.03 

3.61 

1.45 

2.16 

.0020 

.0221 

.13 

.0107 

.0000 

Odor,  very  faintly  vegetable. The  samples  were  collected  from  the  large  Phillipston  reservoir, 

with  the  exception  of  Nos.  1407  and  1571,  which  were  collected  from  streams  of  water  which  had  perco- 
lated  or  iUtered  through  the  dam. 
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Chemical  Examination  of  Water  from  a  Faucet  in 

[Parts  per  100,000.] 

Office  of  the  Aihol  Water  ( 

Company, 

DATS  OF 

Appsakakcb. 

Rksidur  on 
Evaporation. 

Ammonia. 

1 
.14 

NlTROGKM 
AS 

Si 

j 

1 

1 

1 

A 

1 

1 

1^ 

i 

1 

'A 

09 

Juno  9  Jane  11 

Very  (light. 

None. 

0.80 

3.15 

1.95 

1.20 

.0024 

.0182 

.0020 

_ 

822 

July  11 

July  18 

Slight. 

VeryiUght. 

1.00 

4.45 

1.85 

2.60 

.0052 

.0286 

.06 

.0130 

- 

532 

Aug.  11 

Aug.  12 

Very  alight. 

Very  slight. 

1.10 

4.55 

1.97 

2.68 

.0011 

.0278 

.10 

.0070 

- 

743 

Sept.  12 

Sept.  13 

Slight. 

Very  slight. 

1.00 

8.60 
3.94 

1.27 
1.76 

2.33 

.0003 

.0195 

.09 
.10 

.0050 

- 

Av. 

0.97 

2.18 

.0028 

.0235 

.0068 

' 

Odor,  very  faintly  vegetahle. This  water  is  either  wholly  from  the  Phillipston  Reservoirs,  or  a 

mixture  of  water  from  the  Phillipston  and  Buckman  Brook  Reservoirs. 

Water  Supply  of  Attleborough  Fire  District.,  Attleborough. 

Description  of  Works.  —  Population  of  Attleborough  and  North 
Attleborough  in  1885,  13,175.  North  Attleborough  was  incorpora- 
ted as  a  separate  town  in  1887.  The  population  of  the  Attleborough 
Fire  District  at  that  time  was  estimated  to  be  about  5,000  people. 
Works  are  owned  by  the  Fire  District.  Water  was  introduced  in 
1873.  About  877  families  were  supplied  in  1887.  The  source  of 
supply  is  a  well  and  filter-gallery,  with  tubular  wells  in  both,  located 
on  the  right  bank  of  Ten  Mile  River,  just  above  the  central  part  of 
the  town.  The  well  is  13  feet  in  diameter,  and  its  bottom  is  about 
5  or  6  feet  below  the  bottom  of  the  river.  A  filter-gallery  was 
constructed  in  1882,  running  for  a  short  distance  along  the  bank  of 
the  river  and  connecting  with  the  well.  The  gallery  is  built  of  brick, 
with  tight  sides  and  open  bottom,  and  is  about  3  feet  in  width  and 
height.  There  are  three  tubular  wells  in  the  bottom  of  the  large 
well,  which  are  sunk  to  a  depth  of  about  40  feet  below  the  bottom 
of  the  river  and  34  feet  below  the  bottom  of  the  well.  One  of  these 
wells  is  3  inches  in  diameter,  and  the  other  two  are  each  \\  inches 
in  diameter.  In  the  bottom  of  the  filter-gallery  are  five  tubular 
wells,  each  2  inches  in  diameter.  There  is  also  a  direct  connection 
with  the  Ten  Mile  River,  and  whenever  a  fire  occurs,  or  a  trial  of 
the  fire  apparatus  is  made,  the  well  and  tank  are  shut  off  and  the 
direct  connection  with  the  river  is  used,  thus  filling  the  pipes  with 
river  water.  Pumps  force  the  water  from  the  well  to  a  tank,  60  feet 
in  height  and  30  feet  in  diameter,  built  of  iron,  lined  with  cement 
and  brick.  Around  the  tank  is  built  a  brick  structure  with  a  roof. 
About  one-half  of  the  distributing  mains  are  of  wrought  iron,  lined 
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with  cement ;  the  remainder  are  of  cast  iron.  Service  pipes  are  of 
wrought  iron,  lined  with  cement ;  extensions  are  being  made  with 
galvanized  iron.  There  is  quite  a  large  population  on  a  table- 
land, back  of  the  well,  and  there  is  a  large  population  along  the 
Ten  Mile  River,  above  Attleborough. 


Chemical  ExamthcOion 

of  Water 

from  Well,  Attleborough  Water  Works. 

[P«rtt  per  100,000.] 

Datk  ov 

ArrsABAacB. 

Rbsioub  oir 
Evaporation. 

Ammokia. 

1 

MlTROOBB 
AB 

1 
i 

1 

|! 

f 

1 

1 

1 

si 
1- 

1 

1 

1 
P 

X 

1 

132 

18 

June  17 

S7. 

June  18 

None. 

SUgfat. 

0.05 

9.77 

_ 

_ 

.0006 

.0020 

1.07 

.0910 

_ 

368 

Jaly  18 

July  10 

Very  slight. 

CooBldera- 
ble,earthy. 

0.00 

9.00 

- 

- 

.0025 

.0053 

1.03 

.1040 

- 

651 

Aug.  16 

Aug.  16 

None. 

Slight. 

0.00 

8.50 

- 

- 

.0026 

.0030 

1.02 

.0580 

- 

776 

Sept.  15 

Sept.  16 

Slight, 
opalee'nt. 

None. 

0.00 

1 

i 

11.35 

- 

- 

.0008 

.0030 

1.19 

i 

.1800 

- 

1D17 

Oct.  24 

Oct.  25 

Very  Blight. 

SUght. 

0.00 

9.25 

- 

- 

.0010 

.0019 

1.18 

.0600 

- 

1359 

1786 

Dee.    8 

18 

Feb.    9 

Deo.    9 

AM. 
Feb.  10 

Very»llght. 

Coneldera- 
ble,  earthy. 

Veryillght. 

0.00 
0.00 

10.05 
10.03 

: 

; 

.0020 
.0020 

.0026 
.0037 

1.39 

1 

.1300 
.0900 

.0016 

2207 

Apr.  13 

Apr.  14 

Very  Blight. 

Heavy, 
earthy. 

0.05 

9.95 

- 

- 

.0000 

.0037 

il.02 

1 

.0600 

.0012 

2392 

Jane  12 

June  13 

None. 

Very  slight. 

0.05 

8.75 

- 

- 

.0010 

.0030 

1.02 

1 

.0900 

1 

.0005 

2723 

July    6 

July    6 

None. 

Slight, 
earthy. 

0.05 

7.40 

- 

- 

.0018 

.0048 
.0046 

0.96 

.0650 

1 

.0004 

2724 

July    6 

July    6 

None. 

Slight, 
earthy. 

0.05 

8.10 

- 

- 

.0006 

.0046 
.0044 

1.10 

.0750 

.0014 

3093 

Sept.  6 

Sept.  7 

None. 

Considera- 
ble, black. 

0.00 

1.56 

- 

- 

.0082 

.0084 
.0048 

1.10 

|.0950 

.0013 

3U6 

Oct.  25 

Oct.  26 

None. 

Slight. 

0.00 

9.15 

- 

- 

0014 

.0018 
.0018 

1.05 

.0650 

.0007 

3625 

Nov.  30 

Deo.    1 

None. 

None. 

0.00 

8.63 
8.60 

- 

- 

.0016 

.0034 
.0022 

0.94 

.0900 

.0008 

8763 

Doc.  20 

Dee.  20 

DiBtlnet, 
mUky. 

Slight. 

0.00 

11.20 

- 

- 

.0084 

.0016 

1.03 

.1600 

.0009 

4297 

IS 

Mar.  14 

89. 

Mar.  14 

^sisr 

None. 

0.05 

10.20 

- 

- 

.0024 

.0014 

1.12 

.1550 

.0009 

4403 

Apr.  10 

Apr.  11 

Slight. 

None. 

0.00 

9.75 

- 

- 

.0024 

.002S 

1.12 

.1600 

.0011 

4684 

May  17 

May  17 

None. 

Slight. 

0.00 

8.55 

- 

- 

.0014 

.0030 

1.01 

.0750 

.0010 

4745 

May  27 

May  28 

^sjfiir" 

None. 

0.00 

10.90 
9.13 

- 

- 

.0002 

.0016 

1.21 

.1800 

.0030 

At. 

0.02 

.0016 

.0032 

1.08 

.1007 

.0011 

HaMneaa  in  December.  1887.  4.1.    Odor.  none. The  samples  were  collected  from  the  well  with 

the  following  exceptions :  No.  776  was  collected  from  a  drinking  f ounUin ;  Nos.  2724  and  4745  were  col- 
leeted  from  a  tnbalar  well  snnk  In  the  bottom  of  the  collecting  well. 
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Microscopical  Examination. 


[Dec. 


1889. 

1S80. 

Jane. 

July. 

Juljr. 

Sept. 

Oct. 

Not. 

Dec 

Mar. 

Apr. 

May. 

May. 

1.    Blue  green  AlgsB, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.    Other  AIg»,        .       .       . 

0.0 

0.0 

0.1 

0.0 

0.0 

pr. 

0.0 

0.0 

pr. 

0.0 

0.0 

3.    Fungi,  ..... 

6.0 

7.6 

20.0 

10.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.    Animal  Forms,  . 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Groups  and  principiil  genera  of  orgjinisma  observed :    8,    Schlzomycetee,  Crenothrix, 


Chemical  Examination  of  Water  from  Ten  Mile  River  at  AUkborough, 

[Parts  per  100,000.] 


133 
357 
550 
775 

1016 

1357 

1785 
2208 
2591 

2722 

3094 

3445 

3624 

8782 

4022 

Av. 


Datk  or 


June  17 
July  18 
Aug.  16 
Sept.  15 

Oct.  24 

Dec.    8 

18 

Feb.    0 

Apr.  13 
June  12 

July    6 

Sept.  6 

Oct.  25 

Nov.  30 


18  87. 

June  18 


Dec.  20 


Feb.  16 


July  19 
Aug.  16 
Sept.  16 

Oct.  25 

Dec.    9 

88. 
Feb.  10 

Apr.  14 

June  13 

July    6 

Sept.  7 

Oct.  26 

Dec.    1 

Dec.  20 


Appraraxcs. 


18  80. 


Feb.  15 


Very  slight, 
Very  alight 
Slight. 
Distinct. 

Distinct. 

Distinct. 

SUght. 
Very  slight. 
Very  slight. 

Very  slight 

Very  slight. 

Very  slight. 

Slight. 

Distinct. 


Slight. 
I    milky. 


None. 

Very  slight. 

None. 

Considera- 
ble. 

Slight, 
earthy. 

SUght. 

Slight. 

Very  slight. 

Slight, 
white. 

Very  slight. 

SUght. 

Very  slight. 

Considera- 
ble, earthy. 

Srt,  earthy 
and  floc't 

SUght. 


0.60 
0.80 
0.60 
0.30 

1.00 

0.35 

0.50 
1.10 
0.50 

1.60 

0.35 

0.70 

0.45 

0.50 

0.80 


0.64 


Rbsiduk  on 
Evaporation. 


5.02 
4.05 
4.92 
4.65 

5.95 

5.10 

4.75 
4.00 

4.30 

4.85 

4.80 

4.50 

8.60 

3.46 

3.75 


4.81 
4.18 


1.80 
1.60 
1.35 
1.40 

2.10 

1.45 

1.65 
1.30 

1.35 

2.85 

1.65 

1.65 

1.50 

1.10 

1.20 


i.-is 
1.54 


3.22 
2.45 
3.57 
3.25 

3.85 

3.65 

3.10 
2.70 

2.85 

2.50 

8.15 

2.85 

2.10 

2.35 

2.55 


3.23 
2.64 


Ammonia. 


.0004 
.0038 
.0004 
.0016 

.0006 

.0046 

.0131 
.0000 
.0004 

.0002 

.0024 

.0000 

,0006 

,0024 

.0070 


.0025 


.0180 
.0297 
.0188 
.0234 

.0273 

.0164 

.0192 

.0227 

.0246 
.0208 

.0280 


.0202 
.0238 

.0214 
.0172 

.0154 
.0154 

.0154 
.0130 

.0080 
.0066 


.0210 
.0161 


.31 
.41 
.45 

.57 

.58 

.38 
.31 
.25 

.34 

.40 
.42 
.34 
.30 
.40 


NiTROGXK 


.0130 
.0030 
.0030 
.0030 

.0100 

.0280 

.0280 
.0120 
.0100 

.0080 

.0030 

.0180 

.0200 

.0180 

.0250 


.0135 


.0002 
0002 
0002 

.0002 

.0000 

.0005 

.0002 

.0004 

.0003 

.0002 


Hardness  in  Decemi»er  1887,  2.0.     Odor,  generally  vegetable,  sometimes  mouldy. The  samples 

were  collected  from  the  river  opposite  the  collecting  well  of  the  Attleborough  Fire  District.    At  the 
time  No.  3624  was  collected  the  river  was  very  high  on  account  of  heavy  rains. 
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Microscopical  Examination. 


25 


IMS. 

1S80. 

Jan«. 

July. 

Sept 

Oct. 

Nor. 

Dec. 

Feb. 

1.  Blae-green  Algae 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

2.  Other  Alg«, 

8.4 

1.0 

1.1 

8.1 

2.1 

0.0 

1.5 

3.  Fungi. 

pr. 

2.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms, 

•  0.4 

pr. 

0.2 

0.0 

0.0 

0.0 

1.2 

Oronps  and  principal  genera  of  organisms  observed :  1,  Cyanopbyces.  2,  Palmellaces ;  Zoospores ; 
I>eemidincea ;  Diatomaceas,  Atterionelia,  Si/nedra,  Tabeltaria;  Zygnemaoecs.  3,  Schizomycetes,  Crtno- 
tkrix,    4,  rrotozoa,  Dinobryon, 


Proposed  Water  Supply  of  Avon. 

Chemical  Examinafion  of  Water  from  Porter's  Spring, 

[Parts  per  100,000.] 


Datr  or 

ArPKARAXCE. 

Rksiduk  ok 

EVAPORATIOM. 

AMMONIA. 

i 

i 

.26 

'  KlTBOGKN 

AS 

1 

Collection 

A 

■2 

6 

1 

y 

1 

§1 

i 

H 

1 

-< 

i 

Si 

5 

'A 

4300 

Mar.  14   Mar.  15 

None. 

None. 

0.0 

2.85 

- 

- 

.0000  .0006 

.0210  .0000 

Hariioefls,  1.3.    Odor,  none. The  sample  was  collected  from  l^orter'e  Spring. 

Microscopical  Examination. 

March,  1880.    1,  Blue-green  alg»,  0.0.    2,  Other  alga),  pr.    Groups  and  principal  genera  of  organ- 
isms observed :   2,  DiatomacesB. 


Water  Supply  of  Ayer. 
Description  of  Works.  —  Population  in  1885,  2,190.  Works  are 
owned  by  the  town.  Water  was  introduced  Dec.  15,  1887.  The 
daily  average  consumption  in  1888  was  about  40,000  gallons. 
The  source  of  supply  is  a  well  near  the  outlet  of  a  large  mill-pond. 
The  well  is  25.7  feet  in  depth,  26  feet  in  diameter  at  the  top,  and  25 
feet  at  the  bottom.  The  bottom  is  in  rock,  which  is  met  with  at  18.7 
feet  below  the  surface.  There  is  a  direct  connection  with  the  brook 
flowing  from  the  mill-pond.  Water  is  pumped  from  the  well  by 
water-power  to  an  open  distributing  reservoir,  having  a  capacity  of 
1,040,000  gallons.  This  reservoir  is  oval  in  shape,  and  is  13  feet 
in  depth.  The  bottom  is  of  concrete,  and  the  slopes  are  paved. 
Distributing  mains  are  of  cast  iron.     Service  pipes  are  of  lead. 
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Chemical  Examviation  of  WaJierfrom  Welly 

[Parts  per  100,000  ] 

Ayer 

Water  Works. 

Datk  of 

1 

Appkakakcs. 

Kkbidck  ok 

EVAPOKATIOM. 

Amxovia. 

1 

5 

.32 

MlTBOOKH 
AS 

& 

1^ 

f 

Sediment 

5 

I 

i 

1 

i 

< 

1 
1 

i 

u 

200 

18 

June  28 

June  28 

None. 

None. 

0.0 

4.82 

_ 

„ 

.0000 

.0004 

.0390 

_ 

1536 

IS 

Jan.    4 

88. 
Jan.    5 

Very  slight. 

None. 

0.0 

6.35 

- 

- 

.0000 

.0014 

.37 

.0700 

.0002 

1653 

Jan.  20 

Jan.  "21 

None. 

None. 

0.0 

6.65 

- 

- 

.0000 

.0010 

.32 

.0550 

.0003 

1788 

Feb.    0 

Feb.  10 

None. 

None. 

0.0 

6.35 

- 

- 

.0004 

.0058 

.30 

.0380 

.0000 

1885 

Feb.  22 

Feb.  23 

None. 

None. 

0.0 

6.35 

- 

- 

.0000 

.0010 

.36 

.0800 

.0000 

2060 

Mar.  19 

Mar.  21 

^S?.r'' 

None. 

,0.0 

5.15 

- 

- 

.0000 

1 

.0006 

.33 

.0450 

.0000 

2231 

Apr.  16 

Apr.  17 

Slight, 
milky. 

VeryaUght. 

0.0 

4.60 

- 

- 

.0000 

.0006 

.34 

.0700 

.0000 

»23 

Sfay  14 

May  15 

None. 

None. 

0.0 

5.15 

- 

- 

.0000 

.0006 

.30 

.0450 

.0000 

2687 

Jane  28 

Jane  20 

None. 

Very  alight. 

0.0 

5.90 

- 

- 

.0012 

.0018 
.0010 

.34 

.0850 

.0002 

2807 

Jaly  19 

July  20 

None. 

None. 

0.0 

5.70 

- 

- 

.0000 

.0016 

.35 

.0900 

.0002 

3013 

Aug.  22 

Aug.  23 

None. 

None. 

0.0 

5.60 

- 

- 

.0004 

.0022 

.30 

.0500 

.0001 

8870 

Oct.  15 

Oct.  16 

Distinct. 

Slight, 
earthy. 

0.0 

- 

- 

- 

.0000 

.0020 
.0014 

.26. 

.0450 

.0000 

3572 

Nov.  17 

Nov.  19 

None. 

None. 

0.0 

5.10 

- 

- 

.0000 

.0018 

.31 

.0750 

.0000 

3719 

Dec.  14 

Dec.  15 

None. 

None. 

0.0 

4.85 

- 

- 

.0000 

.0010 

.34 

.0700 

.0003 

3855 

18 

Jan.  15 

80. 

Jan.  17 

None. 

Very  slight. 

0.0 

'  4.80 

- 

- 

.0000 

.0020 

.34 

.0750 

.0000 

4035 

Feb.  18 

Feb.  18 

None. 

None. 

0.0 

4.60 

- 

- 

.0002 

.0012 

.31 

.0650 

.0000 

4331 

Mar.  18 

Mar.  19 

Very  alight. 

CoDsldera- 
ble,  eanhy. 

0.0 

4.75 

- 

- 

.0012 

.0028 

.31 1 

.0850 

.0000 

4529 

Apr.  17 

Apr.  18 

None. 

Slight, 
rusly. 

0.0 

4.85 
4.75 

- 

- 

.0034 

.0028 
.0012 

.28 

.0580 

.0001 

4665 

May  15 

May  15 

None. 

None. 

0.0 

5.00 

- 

- 

.0002 

.0020 

.28 

.0500 

.0000 

Av. 

0.0 

5.16 

- 

- 

.0004 

.0017 

.32    .0626 

.0001 

\"' 

1 

Hardness  iu  June,  1887,  2.1;  In  February,  1S88,  2.6;   In  May,  1888,  2.2;  in  November,  1888.  2.6. 

Odor,  generally  none. The  samples  were  collected  from  the  well,  or  from  a  faucet  at  the  pumping 

station  while  pumping,  with  the  exception  of  No.  209,  which  was  collected  from  a  flowing  tubular  well 
on  site  of  i>resent  wolii  and  No.  1536,  which  was  collected  from  a  faucet  in  the  village. 

Microscopical  Examination. 


1888. 

1889. 

Jons. 

July 

Aag.l  Oct. 

Nov.  Dec' 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.    Blue-green  Algae, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.    Other  Alg» 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

3.    Fnngl. 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.    Animal  Forms, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Groups  and  priucipal  genera  of  organisms  observed :    2,  Dlatomaceis.    3,  Schlzomycetcs. 
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Chemical  Examination  of  Water  from  Ayer  Distributing  Reservoir, 

[Parts  per  100,0000 


1654 
1789 

im 

2050 
2232 

2424 

2688 

8571 
8718 


Si 


IS 

Jan.  20 

Feb.    » 

Feb.  22 

Mar.  19 

Apr.  18 

May  14 
June  28 

Nov.  17 

Dec.  14 

18 

3856  Jan.  15 

4036 ,  Feb.  18 
4332  Mar.  18 
4530  Apr.  17 


4666 


May  15 


Jan.  21 
Feb.  10 

Feb.  28 

Mar.  21 

Apr.  17 

May  15 

June  29 

Nov.  19 
Dec.  15 
Jan.  17 
Feb.  19 
Mar.  19 
Apr.  18 
May  15 


ArPKAKA^fCB. 


None. 

Very  Blight, 
milky. 

Slight, 
milky. 

Very  alight, 
milky. 

Slight, 
milky. 

Slight. 

Distinct. 


Very  alight. 

Distinct. 

DUtinct. 

Decided. 

Very  alight. 

Slight. 

Very  alight. 


None. 
None. 

None. 

None. 

Very  alight. 

None. 

Slight, 
white. 

Very  slight. 


Con  ..earthy 
and  floc't 

Slight, 
white. 

Slight, 
green. 

Slight. 


Very  alight, 
Slight. 


0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.05 

0.00 

0.00 

0.00 


0.00 


Rksiddk  ox 
evapokation. 


6.95 
6.55 

4.25 

6.60 

4.80 

4.95 

6.15 
5.35 

7.20 
5.60 

5.80 

5.70 
4.75 

5.40 
4.90 

5.25 

5.70 


5.55 


.0000 
.0008 

.0014 

.0000 

.0000 

.0000 
.0028 

.0000 

.0000 

.0016 

.0024 

.0006 

.0012 

.0016 


.0009 


»i 


.0024 
.0068 

0084 

.0024 

,0032 


0150 
.0108 

.0032 


0070 
.0028 

.00S2 
.0034 

.0156 
.0072 

.0124 
.0042 

.0134 
.0040 

.0114 
.0036 


.0080 


0800 
0700 

0500 

0500 

0600 

0400 
0300 

0750 

0500 

0600 

0450 


.0003 
.0003 

0001 

0008 

.0006 

.0006 
.0015 

.0002 

.0007 

.0002 

.0003 


0750  .0003 


.0250 


.0529 


.0007 
.0006 


.0005 


Hardness  in  May,  1888.  2.6;  in  November,  1S88,  2.6.    Odor,  generally  none. The  samples  were 

collected  from  the  reservoir.    There  was  a  depth  of  but  two  feet  of  water  in  the  reservoir  at  the  lime 
•ample  No.  2688  was  collected. 


Microscopical  Examination, 


1889. 

1880. 

Mar. 

Apr. 

May. 

Jane. 

Nov. 

Dee. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

I.   Blne-grecn  Alg», 

0.0 

- 

- 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.   Other  Algn,       .       .       . 

0.0 

- 

- 

61.8 

0.0 

pr. 

pr. 

2.0 

2.1 

6.5 

13.0 

8.   Pnngl, 

0.0 

- 

- 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.   Animal  Forms,  . 

0.0 

- 

- 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

Oroops  and  principal  genera  of  organisms  observed:    2,  Palmellaceee,  Protocoecu%;  ZoosporesD, 
Seentdetmui;  'DiaXovoACKa^  Fragillaria,  Synedra,    4,  Protozoa. 
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Cfiemical  Examination  of  Water  from  Sandy  Pond  in  Ay 

[Part*  per  100,0000 

er. 

Datb  of 

Appkaeakce. 

RB8IDCK  OK 

Evaporation. 

Ammovia. 

1 

NlTROOB^r 
A8 

1 

1 

|l 

^ 

1 

1 

t 

jl 

1 

1 

< 

1 

1 

208 

lA 

June  28 

«7. 

June  28 

Slight. 

Very  Blight. 

0.4 

2.70 

1.00 

1.70 

.0002 

.0176 

.14 

.0000 

- 

Odor,  faintly  vegetable. The  sample  was  collected  from  Sandy  Pond,  about  850  feet  from  ahore 

and  4  to  5  feet  beneath  the  aarfaoe. 


Barnstable. 

Chemical  Examination  of  Water  from  Nine  Mile  Pond  in  Barnstable. 

[Parts  per  100,000.] 


Datk  of 

Rksidub  oh 
Evaporatiow. 

Ammohxa. 

i 

1.05 

NiTROGBV 
A8 

1 

1 

1^ 

1 

J 

1 

It 

1 

1 

< 

1 

'A 

2965 

18 

Aug.  16 

88. 
Aug.  17 

Very  alight. 

Very  slight. 

0.0 

8.60 

0.55 

8.05 

.0004 

.0160 
.0130 

.0030 

.0000 

Odor,  earthy. The  sample  was  collected  from  the  pond. 

Microscopical  Examination, 

August,  1888. — 1,  Blue-green  algsa,  pr. ;  2,  Other  algaa,  pr. ;  8,  Fungi,  0.0;  4,  Anlraal  Forms,  pr. 
Groups  and  principal  genera  of  organisms  observed :  1,  Cyanophyceae.    2,  Dlatomaceas.   4,  Proto- 
zoa; Nematoda;  RoUfera. 


Water  Supply  of  Belmont. 

Description  of  Works, — Population  in  1885,  1,639,  The- distrib- 
uting system  is  owned  by  the  town.  Water  is  supplied  by  the 
Watertown  Water  Company,  and  was  introduced  in  1887.  See 
Watertown. 

Water  Supply  of  Beverly. 

Description  of  Works. — Population  in  1885,  9,186.  Works  are 
owned  by  the  town.  Water  was  first  introduced  from  the  water 
works  of  the  city  of  Salem  in  1868-69.  Independent  works  were 
built  by  the  town  in  1886,  and  the  supply  from  Salem  was  discon- 
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tinned.  The  number  of  services  supplied  is  2,260.  The  source  of 
supply  is  Wenham  Lake,  in  Beverly  and  Wenham.  Water  is  pumped 
from  the  lake  to  an  open  distributing  reservoir,  having  a  capacity  of 
3,000,000  gallons.  Distributing  mains  are  of  wrought  iron,  lined 
with  cement.  Service  pipes  are  of  galvanized  iron.  For  a  descrip- 
tion of  the  source  of  supply  and  analyses  of  the  water,  see  Salem. 

Water  Supply  op  Boston. 

Description  of  Works. — Population  in  1885,  390,393.  Boston 
is  supplied  from  two  distinct  systems  of  works,*  one,  deriving  its 
supply  from  the  Sudbury  River  and  Lake  Cochituate,  known  as  the 
Cochituate  Works;  and  the  other,  from  the  Upper  Mystic  Lake, 
known  as  the  Mystic  Works. 

Cochituate  Works. 

These  works  supply  the  whole  of  the  city  except  the  Charlestown 
District.  The  population  in  the  district  supplied  in  1885  was 
352,720,  and  the  population  in  1888  was  estimated  to  be  378,600. 
Water  is  supplied  from  Sudbury  River  and  from  Lake  Cochituate 
to  the  main  distributing  reservoir  at  Chestnut  Hill  by  separate 
aqueducts. 

Sudbury  River  Supply.  —  The  supply  is  derived  from  a  system 
of  five  storage  reservoirs,  four  of  thepi  being  artificial  reservoirs 
located  on  Sudbury  Eiver  or  its  tributaries ;  and  one  being  a  natural 
pond,  known  as  Farm  Pond,  which  formerly  had  an  outlet  into  the 
river.  The  watershed  of  Sudbury  River  at  the  lowest  dam  is  74.656 
square  miles,  and  of  Farm  Pond  0.543  square  miles,  making  the 
total  available  watershed  75.199  square  miles.  The  watershed  con- 
tains the  whole  or  the  main  portion  of  the  following  towns  :  — 

Fopnlation  In  188S. 

Sonthborough, 2,100 

Marlborough, 10,941 

Westborough, 4,880 

Hopkinton, 8,922 

Ashland, 2,683 

Total, 24,476 

*  In  addition  to  these  two  Bystems  there  is  another,  owned  by  the  Jamaica  Pond  Aqnednct 
Company,  which  snpplies  a  small  population.  Following  the  usual  custom,  this  source  will  l)e 
ignored  in  girlng  statistics  regarding  the  Boston  water  supply,  but  will  be  described  after  the 
others. 
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A  portion  of  the  town  of  Framingham  (population  in  1885,  8,275) 
is  also  in  the  watershed.  The  total  population  on  the  watershed  in 
1885  was  about  24,000,  equal  to  a  population  of  319  per  square  mile. 

The  towns  of  Marlborough,  Westborough  and  Hopkinton,  and 
the  village  of  South  Framingham,  have  a  public  water  supply ;  but 
none  of  these  places  were  provided  with  a  sewerage  system  during 
the  time  covered  by  this  report. 

The  watershed  contains  many  hills  with  steep  slopes,  used  to  a 
large  extent  for  pasturage,  but  in  many  cases  covered  with  a  small 
growth  of  wood.  The  valleys,  as  a  rule,  are  not  steep  and  there 
are  extensive  areas  of  swampy  land,  generally  covered  with  a  growth 
of  brush  or  trees.  Except  in  the  immediate  vicinity  of  the  towns 
the  land  is  not  highly  cultivated. 

Farm  Pond  is  the  reservoir  nearest  to  Boston,  and  from  it  the 
Sudbuiy  aqueduct,  built  of  masonry,  conveys  water  to  the  Chestnut 
Hill  Distributing  Reservoir.  Provision  is  made,  however,  by  means 
of  an  extension  of  the  masonry  aqueduct  across  Farm  Pond  and 
beyond  to  Dam  No.  1,  and  by  a  system  of  iron  pipes  extending 
from  this  dam  to  the  reservoirs  above,  for  drawing  water  directly 
into  the  main  aqueduct  from  Reservoirs  No.  1,  2,  or  3.  These 
arrangements  make  it  feasible  to  draw  water  through  the  aqueduct 
to  Chestnut  Hill  Reservoir  directly  from  Farm  Pond  or  either  of 
the  reservoirs  mentioned,  as  may  be  desirable  on  account  of  either 
the  quality  or  quantity  of  water  stored  in  them.  The  water  in 
Reservoir  No.  4  has  to  pass  through  Reservoir  No.  2  on  its  way  to 
the  city. 

The  following  table  gives  statistics  relating  to  storage  reservoirs 
of  the  Sudbury  River  supply  :  — 


ARBAS  OF  Watersheds, 
iKCLUDiNG  Water  Surfaces. 

Area 

of 

Water 

Surface. 

Acres. 

Storage 
Capacity  of 
Beservoir. 

U.  S.  gallons. 

Average 

Depth 

of 

Reservoir. 

Feet. 

Maximnm 

Depth 

of 

Reservoir. 

Feet 

NAME. 

Exclusive  of 

Watersheds  of 

Ueservoirs 

above. 

Square  miles. 

Total 
Contributing 
Watershed. 

Square  miles. 

Fiirm  Pond,*    . 
Reservoir  No.  1, 
Reservoir  No.  2, 
Reservoir  No.  3, 
Reservoir  No.  4, 

0.W3 

1.840 

89.073 

27.677 

6.066 

75.199 
74.656 
45.130 
27.677 
6.066 

165 
149 
133 
247 
170 

167,500,000 

288,400,000 

629,800,000 

1,080,000,000 

1,416,000,000 

7 

6 

12 

18 

26 

20 
13 
16 
21 
46 

*  The  area,  capacity  and  average  depth  of  the  poud  have  been  changed  somewhat  from  the  figures 
given,  on  account  of  extensive  filling  by  the  Old  Colony  Railroad  and  the  city  of  Boston.  The  storage 
given  is  that  contained  in  the  upper  3.23  feet. 
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Farm  Pond  had  naturally  a  watershed  of  1.008  square  miles; 
but  as  the  land  on  the  westerly  side  of  the  pond  was  highly  culti- 
vated,  an  intercepting  ditch  and  dike  were  built  on  the  shore  of  the 
pond,  which  cut  off  nearly  one-half  of  the  watershed,  leaving  0.543 
square  miles.  As  the  land  is  porous,  much  of  the  water  from  the 
area  diverted  still  finds  its  way  by  filtration  into  the  pond.  Until 
July  9,  1886,  all  water  from  the  storage  reservoirs  had  to  pass 
through  Farm  Pond  on  its  way  to  the  city,  except  during  a  few 
months*  in  the  latter  part  of  1881  and  the  early  part  of  1882.  At 
this  time,  on  account  of  a  very  strong  *  *  cucumber  "  taste  which  had  its 
origin  in  this  pond,  it  was  drawn  down  and  a  temporary  ditch  was 
constructed  in  the  exposed  portion  of  the  bottom  to  carry  the  water 
around  the  pond  to  supply  the  city.  The  bottom  of  Farm  Pond,  in 
the  shallow  portions,  is  generally  sandy,  but  in  the  deeper  portions 
much  of  it  is  muddy.  The  village  of  South  Framingham  is  located 
on  the  easterly  side  of  the  pond,  and  a  considerable  portion  of  it, 
though  less  than  one-half,  drains  directly  or  by  filtration  through 
the  ground  into  the  pond.  A  sewerage  system  for  this  village  has 
recently  been  built,  which  is  intended  to  divert  from  the  watershed 
all  sewage  which  now  enters  the  pond.  When  the  water  from  the 
reservoirs  passes  through  Farm  Pond,  its  waters  assume  approxi- 
mately the  character  of  that  in  the  reservoir  from  which  it  is 
supplied. 

Reservoir  JVb.  1  being  shallow  has  not  been  used  for  supplying 
the  city,  though  the  water  is  available  if  it  should  be  needed. 

Reservoir  Ifo.  2  was  completed  and  filled  in  1879.  In  the  begin- 
ning the  loam  was  not  removed  from  the  reservoir ;  but  in  1883  and 
1884  a  large  amount  of  loam  and  other  material  was  excaVated  so 
as  to  give  a  minimum  depth  of  not  less  than  8  feet,  with  steep  slopes 
all  around  the  reservoir,  manyof  them  paved.  In  addition  to  the 
excavation  for  the  shallow  flowage  the  loam  and  much  of  the  muck 
were  removed  from  the  deeper  portions  of  the  reservoir.  A  low 
dam,  submerged  at  high  water,  has  been  built  across  the  resei-voir 
toward  its  upper  end,  to  prevent  the  shallow  upper  end  from  becom- 
ing bare  when  the  water  in  the  reservoir  is  drawn  down.  The 
drainage  area  of  this  reservoir  contains  nearly  all  of  the  towns  of 
Westborough,  Hopkinton  and  Ashland,  having  a  total  population  of 
about  11,000  in  1885.  It  also  contains  a  large  area  of  swampy  land, 
which  gives  the  water  a  brownish  tinge. 
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Reservoir  Jfo.  3  was  first  filled  in  December,  1878.  Before  filling 
it,  the  brush  and  trees  growing  on  the  area  included  in  the  reservoir 
were  cut  down  and  removed.  It  contained  in  the  lower  portion 
where  the  water  is  deep  a  large  wooded  swamp  which  was  burned 
over  after  the  trees  had  been  removed.  The  reservoir  was  emptied 
in  1886  and  improved  by  removing  the  shallow  flowage  so  as  to  get 
not  less  than  10  feet  depth  at  high  water,  by  making  steep  gravel  or 
paved  slopes  around  the  sides,  and  by  removing  all  stumps  and  some 
of  the  mud  from  the  lower  portions  of  the  reservoir.  The  drainage 
area  of  this  reservoir  contains  the  larger  part  of  the  towns  of  Marl- 
borough and  Southborough,  with  a  population  in  1885  of  about 
13,000.  This  reservoir,  having  a  larger  population  than  Reservoir 
No.  2,  on  a  smaller  watershed,  is  more  affected  by  sewage  pollution. 
There  are  fewer  swamps,  however,  on  this  watershed,  so  that  the 
water  has  less  color. 

Reservoir  iVb,  4  was  begun  in  1882  and  completed  in  1885.  It 
was  full  for  the  first  time  April  1,  1886.  This  reservoir  was 
thoroughly  cleaned  of  all  loam,  stumps  and  vegetable  matter  when 
first  constructed,  and  it  was  deepened  wherever  the  depth  at  high- 
water  mark  was  less  than  8  feet.  The  drainage  area  contains  but 
few  inhabitants  ;  a  portion  of  it  is  swampy. 

Lake  Cochituate^  from  which  water  flows  to  Chestnut  Hill  Reser- 
voir through  the  Cochituate  aqueduct,  has  an  area  of  801  acres  when 
full.  Its  high-water  mark  is  13  feet  4  inches  above  the  bottom  of 
the  Cochituate  aqueduct,  and  the  amount  of  water  stored,  above  a 
level  4  feet  a1)ove  the  bottom  of  the  aqueduct,  is  1,900,000,000 
gallons.  The  larger  portion  of  the  lake  is  natural,  but  it  has  been 
raised  at  three  different  times,  first  in  1844  and  last  in  1859,  a  total 
of  7  feet,  flooding  to  a  depth  of  about  6  feet  a  large  area  of  meadow, 
nearly  all  of  it  at  the  southerly  end  of  the  lake.  Since  1887  some 
extensive  improvements  have  been  made  on  the  shores  of  the  lake 
bordering  upon  these  flowed  meadows.  In  other  portions  of  the 
lake  a  clean  shore  of  gravel  or  sand  has  been  formed  by  the  action 
of  the  waves.  The  lake  occupies  the  bottom  of  a  narrow  valley 
running  nearly  north  and  south,  its  extreme  length  being  about  3.5 
miles  and  its  greatest  width  about  1,800  feet.  At  two  points  the 
shores  approach  close  to  each  other,  and  roads  cross  the  lake  divid- 
ing it  into  three  divisions.  The  maximum  depth  in  the  southern 
division  is  72  feet,  in  the  central  division  50  feet,  and  in  the  northern 
division  64  feet. 
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Lake  Cochituate  has  within  its  drainage  area  of  18.87  square  miles 
two  large  ponds  known  as  Dug  and  Waushakum  ponds,  and  portions 
of  the  towns  of  Natick,  Framingham,  Sherborn  and  Way  land.  Dug 
Pond  is  the  source  of  water  supply  for  Natick,  and  will  be  described 
under  Natick.  Waushakum  Pond  is  used  as  a  water  supply  for  the 
Reformatory  Prison  for  Women  in  Sherborn,  and  will  be  referred  to 
under  Sherborn.  The  population  of  Natick  in  1885  was  8,460,  the 
larger  portion  of  which  is  within  the  Cochituate  watershed.  In  the 
town  of  Framingham  the  larger  part  of  the  village  of  South  Framing- 
ham,  with  a  population  of  about  5,000,  is  included  in  the  watershed. 
In  Wayland,  the  village  of  Cochituate,  with  about  1,200  inhabitants, 
and  in  Sherborn  a  population  of  about  250  persons  in  the  Reforma- 
tory Prison  for  Women,  together  with  a  small  population  near  the 
village  of  South  Framingham,  are  included  in  the  watershed.  Some 
of  the  pollution  from  Natick  enters  the  southern  division  of  Lake 
Cochituate  through  Pegan  Brook ;  while  another  portion  goes  into 
Dug  Pond  and  only  enters  the  lake  when  there  is  an  overflow  from 
this  pond.  From  South  Framingham,  and  a  small  population  in 
Sherborn,  pollutions  enter  the  southern  division  of  the  lake  through 
Beaver  Dam  Brook,  which  is  the  main  feeder  of  the  lake.  Sewage 
from  the  Reformatory  Prison  for  Women  is  filtered  through  land,  and 
the  eflSuent  runs  into  the  southerly  end  of  Lake  Cochituate  through 
Course  Brook.  Pollution  from  Cochituate  village  enters  the  northern 
division  of  the  lake  from  which  water  is  taken  for  supplying  the  city 
or  wasted  over  the  dam  when  there  is  a  surplus.  It  is  to  be  noticed 
from  the  foregoing  that  the  bulk  of  the  pollution  enters  the  lake  at 
its  southerly  end,  and,  owing  to  the  size  of  the  lake  and  its  separa- 
tion into  divisions,  a  long  time  elapses  before  such  pollution  can 
reach  the  entrance  to  the  aqueduct.  A  sewerage  system  has  been 
built  in  South  Framingham,  designed  to  pump  the  sewage  to  a  point 
outside  of  the  Cochituate  watershed  and  there  filter  it  through  land, 
but  it  was  not  put  in  operation  until  after  the  period  covered  by  this 
report.  The  watershed  of  Lake  Cochituate  is,  as  a  rule,  flat,  sandy 
or  gravelly  land.  In  the  valley  of  Beaver  Dam  Brook  there  are 
swamps  and  meadows  of  considerable  extent.  Just  outside  of  the 
watershed  of  Lake  Cochituate  is  Dudley  Pond,  having  an  area  of  81 
acres  and  a  small  watershed.  Water  can  be  drawn  from  this  pond 
into  the  lake  by  means  of  a  connecting  pipe. 

The  Sudbury  aqueduct,  in  its  course  from  Farm  Pond  to  Chest- 
nut Hill  Reservoir,  passes  through  the  watershed  of  Lake  Cochituate ; 
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and  where  it  crosses  Course  Brook,  provision  is  made  for  turning 
water  from  Farm  Pond  or  the  Sudbury  storage  reservoirs  into  the 
brook.  In  this  way  it  is  possible  to  use  Lake  Cochituate  as  a  storage 
reservoir  for  Sudl>ury  River  water ;  but  the  lake  has  not  been  so 
used  since  August,  1884,  so  that  the  analyses  of  water  from  Lake 
Cochituate  given  in  this  report  have  not,  probably,  been  appreciably 
affected  by  the  addition  of  Sudbury  River  water. 

Chestnut  Hill  Reservoir ^  situated  about  5.5  miles  from  the  centre 
of  the  city  and  within  the  municipal  limits,  is  the  main  low-service 
distributing  reservoir  of  the  Cochituate  Works.  It  receives  water 
from  both  Sudbury  River  and  Lake  Cochituate.  The  reservoir  is 
divided  into  two  basins.  The  lower  one,  known  as  the  Bradlee 
Basin,  has  an  area  of  85  acres,  and  its  capacity  is  550,600,000  gal- 
lons. The  upper  one,  known  as  the  Lawrence  Basin,  has  an  area  of 
38  acres,  and  its  capacity  is  180,900,000  gallons.  The  total  area  of 
this  reservoir  is  123  acres,  and  its  total  capacity  is  731,500,000  gal- 
lons. The  average  depth  of  water  in  the  Bradlee  Basin  is  19.8  feet 
and  its  maximum  depth  32  feet.  In  the  Lawrence  Basin  the  average 
depth  is  14.6  feet  and  the  maximum  depth  17  feet.  Both  basins  are 
surrounded  with  steep  paved  slopes.  Nearly  all  of  the  loam  and 
muck  was  removed  from  the  bottom  of  the  Bradlee  Basin,  and  some 
was  removed  from  the  Lawrence  Basin.  . 

Brookline  Reservoir  was,  until  the  construction  of  the  Chestnut 
Hill  Reservoir,  the  main  low-service  distributing  reservoir.  It  is 
still  used  as  a  distributing  reservoir,  and  receives  about  the  same 
admixture  of  water  from  Sudbury  River  and  Luke  Cochituate  as  the 
Chestnut  Hill  Reservoir.  Its  area  at  a  level  2  feet  below  the  top  of 
the  dam  is  22.95  acres,  and  its  capacity  at  this  level  is  119,600,000 
gallons.     Its  greatest  depth  is  24  feet  and  its  mean  depth  16  feet. 

The  High^8ervice  system  of  water  works  in  Boston  has  been 
changed  during  the  time  covered  by  this  report.  In  1887  the  water 
for  the  high  service  "vyas  pumped  in  Roxbury  from  one  of  the  mains 
leading  to  the  city  into  the  Parker  Hill  Reservoir.  After  Dec.  3, 
1887,  water  was  pumped  from  the  same  place  to  the  Fisher  Hill 
Reservoir,  the  Parker  Hill  Reservoir  being  shut  off  from  the  supply 
until  July  2,  1888.  On  May  8,  1888,  the  pumping  station  in  Rox- 
bury was  abandoned,  and  the  pumping  is  now  done  at  the  new  pump- 
ing station  at  Chestnut  Hill  Reservoir,  the  water  being  pumped  to 
Fisher  Hill  Reservoir. 
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Fisher  Hill  Reservoir  is  rectangular  in  shape,  500  feet  long  by 
295  feet  broad,  measured  at  the  top  of  the  inner  slope  of  the  embank- 
ment. The  bottom  is  nearly  level,  the  depth  at  high- water  mark 
varying  from  18  to  20  feet.  The  bottom  is  formed  of  clay  puddle. 
The  slopes  for  about  two-thirds  of  the  way  from  the  bottom  are 
lined  with  concrete  and  above  with  stone  paving. 

Parker  Hill  Reservoir  is  nearly  rectangular  in  shape,  and  the  area 
of  the  water  surface  at  high  wat^r  is  1.47  acres.  The  slopes  are 
paved  ;  the  bottom  is  nearly  level,  the  depth  varying  from  19  to  21 
feet  when  the  reservoir  is  at  high-water  mark.  The  bottom  of  the 
reservoir  is  formed  of  cjay  puddle. 

Mystic  Works. 

These  works  supply  the  Charlestown  district  of  Boston,  the  cities 
of  Chelsea  and  Somcrville  and  the 'town  of  Everett.  The  popula- 
tion of  these  places  in  1885  was  as  follows  :  — 

Clt/  or  Town.  Population  in  1886b 

Charlestown, 37,673 

Chelsea, 25,709 

Somerville, 29,971 

Everett, 5,825 

Total, 99,178 

The  estimated  total  population  in  1888  was  108,000. 

The  water  is  taken  from  the  Upper  Mystic  Lake  by  means  of  an 
aqueduct  to  a  pumping  station,  and  is  there  pumped  to  a  distribut- 
ing reservoir  on  College  Hill  in  Medford,  from  which  it  flows  by 
gravity  to  the  towns  supplied. 

Upper  Mystic  Lake  was  formerly  a  tidal  basin  at  the  head  of  the 
Mystic  River ;  but,  owing  to  the  small  size  of  the  river  and  the  dis- 
tance from  Boston  Harbor,  the  tidal  fluctuation  was  small,  the  water 
remaining  nearly  at  the  level  of  high  tide.  The  construction  of 
the  dam  between  the  Upper  and  Lower  Mystic  lakes  raised  the 
former  to  a  level  7  feet  above  high  tide,  and  increased  its  area  by 
flowing  a  large  amount  of  flat  land  at  the  upper  end.  Its  area  at  the 
present  high-water  mark  is  200  acres.  The  storage  capacity  above 
a  level  4.2  feet  above  the  bottom  of  the  aqueduct  is  380,000,000 
gallons.  The  lake  is  deep  in  all  portions  except  the  flowed  area  at 
the  upper  end.  The  maximum  depth  is  87  feet.  The  lake  receives 
its  supply  from  a  watershed  of  27.75  square  miles.     This  watershed 
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contains  the  city  of  Wobum,  the  town  of  Winchester  and  the  popu- 
lated portion  of  the  town  of  Stoneham.  The  population  of  these 
municipalities  in  1885  was  as  follows  :  — 

Wobum, 11,750 

Winchester, 4,390 

Stoneham, 5,659 

Total, 21,799 

In  addition  to  these  towns  a  portion  of  the  town  of  Reading  is 
included  in  the  watershed,  and  contains  a  population  as  large  as  that 
contained  in  the  portion  of  the  town  of  Stoneham  not  in  the  water- 
shed; so  that  the  total  population  above  given  represents  very 
nearly  the  total  population  on  the  watershed.  On  this  basis  the 
population  was  785  per  square  mile  in  1885.  The  population  at  the 
present  time  (1889)  is  estimated  to  be  850  per  square  mile.  All  of 
the  three  towns  in  the  watershed  are  provided  with  public  water 
supplies.  The  amount  of  water  supplied  to  Wobum  is  about  800,- 
000  gallons  per  day,  and  the  amount  used  in  Winchester  and  Stone- 
ham is  estimated  at  500,000  gallons  per  day;  making  a  total  of 
1,300,000  gallons  per  day  of  water,  which  is  nearly  all  polluted  by 
the  various  uses  to  which  it  is  put.  Of  this  amount  fully  1,000,000 
gallons  find  their  way  into  the  streams,  either  directly  or  by  over- 
flow or  filtration,  from  cesspools.  The  remainder  of  the  polluted 
water,  chiefly  that  used  in  tanneries,  is  diverted  from  the  supply  by 
a  sewer  which  has  been  in  use  since  1878.  The  Mystic  watershed 
was  carefully  examined  in  1874  by  engineers  of  the  city  of  Boston, 
who  found  that  the  watershed  then  contained  81. factories  employing 
about  3,500  hands.  A  large  proportion  of  these  were  tanneries  or 
curriers'  shops,  from  most  of  which  the  sewage  is  carried  away  by  the 
sewer  above  referred  to.  There  are  several  tanneries,  however, 
and  one  very  large  glue  factory,  which  are  far  from  the  sewer  and 
turn  their  refuse  into  the  streams,  either  in  a  crude  state  or  after 
the  removal  of  some  of  the  offensive  matters. 

The  larger  part  of  the  watershed  is  drained  by  the  Abbajona 
River,  which  enters  the  lake  at  its  northerly  end.  About  a  mile 
above  the  lake  the  river  is  joined  by  the  Horn  Pond  branch,  coming 
from  the  westerly  side,  and  nearly  as  large  as  the  river.  At  and 
near  the  junction  of  these  streams  are  several  large  ponds  connected 
with  each  other,  with  extensive  areas  which  are  very  shallow.  On 
the  Abbajona  River  above  the  junction  there  are  several  largo  mill- 
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ponds,  and  on  the  westerly  branch  is  situated  Horn  Pond.  This 
pond  is  described,  and  analyses  of  its  water  are  given,  under 
Wobum.  The  large  storage  reservoir  of  the  Winchester  water 
works  is  situated  in  the  easterly  part  of  the  watershed  (see  Win- 
chester) .  The  Mystic  drainage  area  is  generally  hilly  and  contains 
few  swamps. 

OoUege  Htll  Reservoir  is  4.5  acres  in  area,  and  26  feet  deep  at  high 
water.  It  is  divided  into  two  pai*t6  by  a  partition  embankment,  the 
top  of  which  is  5  feet  below  high-water  mark.  The  water-tight 
lining  of  the  bottom  of  the  reservoir  is  formed  of  a  layer  of  puddle 
covered  with  3  inches  of  concrete.  The  sides,  which  have  a  slope 
of  1}  to  1,  are  formed  of  a  layer  of  puddle  covered  with  brick  work 
8  inches  in  thickness  up  to  a  line  4^  feet  below  high  water,  above 
which  is  a  facing  of  granite. 

Jamaica  Pond  Supply. 

Jamaica  Pond  was  the  principal  source  of  water  supply  for  the 
city  of  Boston  between  the  years  1796  and  1848,  and  has  con- 
tinued to  be  used  as  a  source  of  water  supply  to  the  present  time. 
The  works  are  at  present  owned  by  the  Jamaica  Pond  Aqueduct 
Company,  and  water  is  supplied  to  a  portion  of  the  Roxbury  dis- 
trict of  Boston.  The  pond  is  situated  within  the  limits  of  the  city. 
Its  area  at  high  water  is  about  69  acres,  and  its  maximum  depth  57 
feet.     It  is  nowhere  shallow,  and  the  average  depth  is  about  27  feet. 

The  drainage  area  of  467  acres  (including  the  area  of  the  pond) 
is  inhabited  by  about  600  people  —  equal  to  822  to  the  square  mile. 
The  main  portion  of  the  drainage  area  is  occupied  by  the  large 
estates  of  wealthy  residents.  Near  the  pond  on  the  southeasterly 
side  the  population  is  more  dense.  This  population,  however,  con- 
sisting of  about  150  people,  is  in  a  district  provided  with  sewers 
which  divert  the  sewage  from  the  pond.  On  the  westerly  side  of 
the  pond  there  is  a  small  cluster  of  houses,  occupied  by  about  100 
people,  in  a  district  not  provided  with  sewers.  There  are  no 
swamps  on  the  drainage  area.  The  Jamaica  Pond  Aqueduct  Com- 
pany supplies  water  to  consumers  by  pumping  to  a  small  stand- 
pipe.  Distributing  mains  are  of  cast  iron.  Service  pipes  are  of 
lead.  There  were  about  1,500  water  takers  in  1887.  When  the 
supply  of  water  from  the  pond  is  insufficient,  water  is  purchased 
from  the  Cochituate  Works  of  the  city  of  Boston. 
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WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


Sudbury  River  Supply.  —  Chemical  Examination  of  Water  from  Reservoir  No.  4, 
in  AMand,  oolleeted  one  foot  beneath  t/ie  guiface. 

[Parta  per  100,000.] 


Datk  or 

Appkarakci. 

Kk^iduk  ox 

EVAPOBATIOX. 

AUXOMIA. 

i 

NiTROOBV 
AS 

1 

§ 

|i 

1 

1 
1 

1 

^ 

§1 

£ 

1 

ia 

3 

15 

IS 

May  81 

sr. 

June  1 

Slight. 

None. 

1.00 

3.63 

1.95 

1.68 

.0011 

.0231 

„ 

_ 

. 

235 

June  30 

July    1 

Very  Blight. 

None. 

0.95 

4.07 

1.35 

2.72 

.0011 

.0266 

.28 

.0065 

1 

- 

400 

Aug.   1 

Aug.  2 

VeryeUght. 

None. 

0.80" 

8.92 

1.95 

1.97 

.0005 

.0229 

.24 

.0030 

- 

651 

Aug.  31 

Sept.  1 

Very  Blight. 

None. 

0.70 

3.75 

1.33 

2.40 

.0000 

.0243 

.24 

.0000 

- 

863 

Oct.     3 

Oct.     4 

1  Slight. 

Very  Blight. 

0.55 1 

3.52 

1.57 

1.95 

;.0003 

.0243 

.24 

.0030 

~ 

10T2 

Oct.  31 

Nov.    1 

'  Sllgbt. 

Slight. 

0.70 

3.50 

1.10 

2.40 

.0006 

.0262 

.26 

.0020 

- 

1283 

NoT.aO 

Deo.    1 

Slight. 

Slight. 

0.50 

3.60 

1.30 

2.80 

.0000 

.0251 

.26 

.0050 

- 

1513 

18 

Jan.    2 

SS. 

Jan.    3 

Slight. 

Slight. 

0.70 

4.00 

1.50 

2.50 

.0012 

.0235 

.22 

.0060 

.0000 

1716 

Feb.    1 

Feb.    1 

Slight. 

Slight. 

0.70 

4.50 

2.00 

2.50 

.0015 

.0297 

.20 

.0100 

.0000 

1926 

Mar.    1 

Mar.    2 

Slight. 

Very  Blight. 

0.70 ' 

8.85 

1.60 

2.25 

.0003 

.0323 

.23 

.0120 

.0000 

2136 

Apr.    2 

Apr.   8 

Slight. 

None. 

0.45 

3.18 

0.95 

2.23 

.0018 

.0248 

.18 

.0030 

.0001 

2330 

May    1 

May    2 

Slight. 

Very  Blight. 

0.70 

8.50 

1.65 

1.85 

.0002 

.0282 

.21 

.0060 

.0002 

2546 

June  4 

June   5 

Distinct. 

ConBidera- 
ble. 

1.00, 

3.55 

1.80 

1.85 

.0004 

.0828 
.0226 

.22 

.0060 

.0001 

2701 

July    2 

July    3 

Slight. 

Slight. 

0.70 

8.80 

1.80 

2.00 

.0000 

.0268. 
.0234 

.25 

.0050 

.0001 

2863 

Aug.   1 

Aug.  2 

Slight. 

1 

Very  Blight. 

0.00 

8.65 

1.80 

1.85 

.0002 

.0286 
.0254 

.26 

.0000 

.0003 

3042 

Sept.  4 

Sept.  5 

Slight. 

1 

Slight. 

0.50, 

4.00 

1.85 

2.15 

.0000 

.0256 
.0212 

.19 

.0030 

.0001 

3289 

Oct.     1 

Oct.     2 

Slight. 

SllKht, 
gieen. 

0.70 

3.85 

1.80 

2.25 

.0008 

.0286 
.0282 

.20 

.0020 

1 
j 

.0001 

3487. 

Oct.  31 

Nov.    2 

Slight. 

Very  Blight 

0.70 

4.05 

2.10 

1.85 

.0004 

.0260 
.0236 

.26 

.0050 

.0001 

8630 
S800 

Dec.    3 

IS 

Jan.     1 

Dec.    4 

S9. 

Jan.    2 

Very  Blight. 

1 
Slight. 

Very  Blight. 
Very  Blight. 

0.90 
0.90 

4.00 
3.55 

2.00 
1.85 

2.00 
1.80 

.0016 
.0016 

.0302 
.0272 

.0274 
.0252 

.26 
.26 

.0080 
.0070 

.0002 
.0003 

3054 

Feb.    4 

Feb.    6 

Slight. 

Slight. 

0.75 

3.40 

1.80 

2.10 

.0008 

.0228 
.0178 

.23 

.0160 

.0004 

4197 

Mar.    4 

Mar.    5 

Very  Blight. 

VeryBlighi 

0.80 

8.40 

1.65 

1.75 

.0012 

.0210 
.0182 

.25 

.0120 

.0002 

4440 

Apr.    1 

Apr.    2 

Slight. 

VeryBUght 

0.70 

3.40 

1.40 

2.00 

.0000 

.0214 
.0182 

.21 

.0070 

.0002 

4595 

May    1 

May    2 

DlBtlnct. 

Slight. 

0.63 
0.73! 

3.85 

1.50 

2.15 

.0000 

.02.'>6 
.0204 

.23 
.23 

.0080 

.OOOS 

Av.. 

3.76 

1.52 

2.23 

.0006 

.0260 

.0056 

.0001 

Hardness  in  May,  1S8S,  1.3.  Odor,  generally  vegetable,  frequently  disagreeable, 
were  collected  from  the  rescr^'Olr,  near  tne  ^to>bousc,  at  a  de]>th  of  one  foot  beneath 
monthly  record  of  heights  of  wuier  in  this  reservoir,  see  page  62. 


The  Munplea 
the  surface.    For 
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Microscopical  Examination. 


18S8.                               J                    !»»». 

June. 

Jaly. 

Aug. 

Sept. 

Oct. 

Sot 

Dec.  j  Jan. 

Feb. 

Mar.  Apr. 

May. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Alg» 

16.5 

1.2 

11.0 

4.7 

0.2 

0.9 

0.0 

0.1 

0.3 

0.2 

0.9 

0.0 

3.  FuDgl 

0.0 

0.0 

0.0 

0.0 

pr. 

pr. 

0.0 

pr. 

0.0 

0.0 

pr. 

0.0 

4.  Animal  Forms 

pr. 

0.3 

0.7 

0.1 

0.4 

0.1 

0.0 

0.0 

0.1 

pr. 

pr. 

0.1 

Oroupa  nnd  principal  genera  of  organiama  obaerved :  2.  Talmellaceaa,  Chlorococcut;  Zooaporea, 
Scenedemawt;  De-roidiacem,  Slaurattrum;  I>Utomace»,  Synedra.  3.  Schizomycetea.  4.  Protozoa; 
SpoDglarU;  Kotlfera;  Entomoairaca. 


Sudbury  River  Supply.  —  Chemical  Examination  of  Water  from  Reservoir  No.  4, 
in  Ashland,  collected  twenty  feel  beneath  the  iturfacc. 

[Parta  per  100,000.] 


Datk  or 

ArrKAHAMCX. 

RKaiDDK  OM 
EVAPOttATIOH. 

AXUOXZA.    ! 

•> 

s 

NiTROGBV 
A8 

a 

^ 

"        1 

H 

^ 

1 

1 

§1 

•6 

1 

i 

.  1 

1^ 

s 

e 

Si 

'A 

7* 

10 

» 

Hay  31 

«7. 

June 

Slight. 

None. 

0.80 

8.66 

1.33 

2.83 

.0008 

.0197  j 

_ 

236 

Jane  30 

July 

Slight. 

Very  Blight. 

0.80 

3.75 

1.35 

2.40 

.0002 

.0187 

1 

.26 

.0065 

- 

461 

Ang.  1 

Aug. 

Slight. 

None. 

0.75 

3.47 

1.47 

2.00 

.0006 

.0166 

1 

.21 

.0070 

- 

652 

Aug.  31 

Sept. 

Veryallghl. 

None. 

0.70 

3.72 

1.32 

2.40 

.0000 

.0274 

.21 

.0030 

- 

864 

Oct.     8 

Oct. 

Very  alight. 

None. 

0.60 

3.65 

1.45 

2.20 

.0002 

.0232 

.24 

.0030 

- 

1073 

Oct.  81 

Not. 

Very  alight. 

Slight. 

0.70 

3.60 

1.30 

2.30 

.0000 

•-I 

.25 

.0030]    - 

1284 

Nov.  30 

Dec. 

Very  alight. 

Slight. 

0.50 

3.70 

1.45 

2.25 

.0008 

.0241 

.25 

.0020 

- 

1514 

Jan.    2 

Jan. 

Slight. 

Slight. 

0.70 

4.05 

1.40 

2.6.) 

.0019 

.0255 

.32 

.0010 

1 

.0000 

1717    Feb.    1 

Feb. 

Slight. 

Slight. 

0.70 

4.35 

1.70 

2.65 

.0026 

.0251 

.20 

.0100 

.0000 

1927 

Mar.    1 

Mar. 

2 

Slight. 

Slight. 

0.50 

4.25 

1.70 

2.6.) 

.0030 

.0263 

1 

.27 

.0000 

.0000 

2137 

Apr.    2 

Apr. 

3 

Slight. 

Slight. 

0.70 

4.65 

1.45 

3.20 

.0167 

.0200 

.26 

.0100 

1 

.0003 

2331 

Hay    1 

M.iy 

2 

.  Diatinct. 

Slight. 

0.90 

3.85 

1.70 

2.15 

.0000 

.0256 

.21 

.0050 

.0002 

2547 

June    4 

June 

5 

Very  alight. 

Conaldera. 
ble. 

0.90 

3.50 

1.S5 

2.15 

.0000 

.027S 
.0220 

.22 

.0030 

.0001 

2702 

July    2 

July 

3 

Diatinct. 

Slight. 

0.40 

3.65 

1.10 

2.55 

.0006 

.0252 
.0214 

.24 

.0050 

.0001 

2864 

Aug.    1 

Aug. 

2 

Very  alight. 

Very  alight. 

0.90 

3.80 

1.75 

2.15 

.0004 

.0250' 

.24 

.0000 

.0003 

3043 

Sept.  4 

Sept. 

5 

Diatinct. 

Slight. 

0.50 

3.65 

1.60 

2.05 

.0000 

.0282 ' 
.0204 

.16 

.0030 

.0001 

3290 

Oct.     1 

Oct. 

2 

Slight. 

Slight, 
green. 

0.70 

8.75 

1.80 

1.95 

.0000 

.0280 
.0250; 

.19 

.0020 

.0001 

3488 

Oct.  81 

Nov. 

2 

Slight. 

Very  alight. 

0.75 

4.00 

1.86 

2.15 

.0000 

.0274 

.0266; 

.25 

.0070 

.0001 

3631 

Deo.    3 

Dec. 

4 

Slight. 

Slight. 

0.90 

3.86 

1.85 

2.00 

.0012 

.02621 

.0240 

.26 

.0050 

.0004 
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Chemical  Examination  of  Water  from  Beservoir  No.  4,  in  AsMand — Concluded. 


Datk  of 

Appbabahos. 

RiaiDua  OH 

BVAPUBATIOir. 

Ajcmosia. 

1 

NlTBOGBM 
Ad 

1 

1 

■  a 

f 

j 

1 

1 

§1 

1 

1 

< 

9^ 

S 

8801 

18 

Jan.    1 

89.           1 
Jan.    2 

1 

VeryaUght. 

Veryall^t. 

0.90 

3.85 

1.70 

2.15 

.0010 

.0264 
.0210 

!    .25 

.0070 

.0003 

3055 

Feb.    4- 

Feb.    6 

Slight. 

Slight. 

0.75 

8.40 

i.ts 

2.15 

.0014 

.0220 
.0172 

.22 

.0160 

.0002 

4198 

Nfar.    4 

Mar.    5 

VeryaUght. 

VeryaUght. 

0.80 

8.60 

1.70 

1.90 

.0010 

.0212 
.0176 

.25 

.0120 

.0001 

4441 

Apr.   1 

Apr.   2 

Very  alight. 

VeryaUght. 

0.70 

3.40 

1.40 

2.00 

.0000 

.0210 
.0166 

.21 

.0070 

.0001 

4596 

May    1 

May    2 

DUtinot. 

Slight. 

0.65 
0.72 

3.50 

1.35 

2.15 
2.42 

.0000 

.0216 
.0184 

.22 

.0050 

.0002 

A\. 

3.89 

1.47 

.0014 

.0244 

.23 

.0057 

.0002 

IlardDeMln  May«  1888, 1.3.    Odor,  ffenenillv  vegetable,  frequently  diaairreeable. The  aamplea 

were  collected  from  tl^  reaervoir,  near  the  gate-houae,  at  a  depth  of  20  feet  beneath  the  aurface. 

Microscopical  Examinalion, 


1888. 

1889. 

Jane. 

July. 

Aug. 

Sept. 

Oct 

Not. 

Dec. 

Jan. 

Feb. 

M^. 

Apr 

May. 

1.  Blne-greeo  Algn 

pr. 

0.0 

0.0     pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algss 

8.4 

8.4 

0.3     3.5 

0.4 

0.1 

0.0 

0.3 

0.8 

0.5 

1.3 

0.2 

8.  Fungi 

0.0 

pr. 

pr. 

pr. 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Anlmul  Forms 

pr. 

2.3 

pr. 

0.5 

0.1 

pr. 

0.0 

0.0 

pr. 

pr. 

pr. 

0.0 

Oroups  and  principal  genera  of  orfraniaras  observed :  1.  Cyanophycen.  2.  Palniellacete:  Zoo- 
sporeas;  DesraldiuceaB,  StauraHlruni;  Dlatomaceae,  Synedra,  8.  Schlzomycetea.  4.  Protozoa,  Tracheto- 
monas;  Spongiarla;  liotifera;  Entomoatraca. 


Sudbury  River  Supplt.  —  Chemical  Examination  of  Water fr<ym  Reservoir  No.  4, 
in  Ashland^  collected  near  the  bottom, 

rParii  per  100,000.] 


17 
237 
462 
653 


Datk  or 


18 

May  81 

June  80 
Aug.  1 
Aug.  81 


BS 


8r. 
June  1 

July    1 

Aug.  2 

Sept.  1 


APPBARASrCK. 


^ 

s 


SUght. 
Blight. 
Very  slight. 
Very  sUght. 


None. 
SUght. 
Slight. 
None. 


0.80 
0.70 
0.75 
0.70 


RaaiDUB  OM 

EVAPOaATION. 


4.12 
4.20 
3.60 
8.55 


§1 


1.75 
1.17 
1.82 
1.20 


2.37 
3.08 
2.28 
2.35 


.0016 
.0010 
.0037 
.0021 


.0210 
.0235 
.0162 
.0192 


KITROGBK 
AS 


.26 
.17 

.18: 

I 


1 

J. 

^ 

•^ 

_ 

.0040 

- 

.0070 

- 

,0070 
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Chemical  Examination  of  Water  from  Renervoir  No.  4,  in  Ashland  —  Concluded. 


Datb  ov 

AmARAHCB. 

Rksidub  oh 

EVAlH>BATION. 

Amxomia. 

1 
.24 

MiTRooiar 

AS 

5 

1 

al 

1 
H 

1 

■  I 

1 

1 

§1 

1  * 

t 

i 

A 

< 

1 

^ 

865 

IS 

OcU     3 

87. 

Out.     4 

Very  Blight. 

VerysUght. 

0.75 

3.67 

1.35 

2.32 

.0019 

.0201 

.0070 

_ 

1074 

Oct.  31 

Not.    1 

SUght. 

SUght. 

0.60 

3.85 

1.56 

2.30 

.0006 

.0862 

.27 

.0020 

- 

1285 

Not.  30 

Dec.  1 

Slight. 

Slight. 

0.40 

3.70 

1.60 

2.20 

.0006 

.0282 

.22 

.0080 

- 

1515 

Jan.     2 

ftft. 
Jan.    3 

Very  slight. 

Slight. 

0.70 

4.20 

1.65 

2.56 

.0014 

.0262 

.19 

.0030 

.0000 

1T18 

Feb.    1 

Feb.    1 

SUghL 

Slight 

0.60 

4.86 

1.65 

2.70 

.0042 

.0276 

.20 

.0120 

.0000 

1928 

Mar.    1 

Mar.    2 

Very  ■light. 

SUght. 

0.60 

4.40 

1.66 

2.75 

.0032 

.0270 

.29 

.0120 

.0000 

2138    Apr.    2 

.\pr.    8 

Distinct. 

SUght, 
earthy. 

0.80 

4.66 

1.80 

3.25 

.0168 

.0270 

.29 

.0100 

.0003 

3332    May    1 

May    2 

Distinct. 

Slight. 

0.80 

3.80 

1.70 

2.10 

.0004 

.0226 

.22 

.0050 

.0002 

2548 

Jane  4 

June  5 

SUght. 

SUght. 

0.80 

4.2S 

1.75 

2.50 

.0000 

.0242 
.0206 

.21 

.0060 

.0001 

2703 

July    2 

July    3 

SUght. 

SUght. 

0.70 

3.55 

1.95 

1.60 

.0008 

.0244 
.0182 

.26 

.0080 

.0001 

2S65:Aag.   1 

Aug.   2 

Very  alight. 

VerysUght. 

0.00 

4.05 

1.60 

2.45 

.0010 

.0254 
.0166 

.24 

.0000 

.0005 

3044 

Sept.  4 

Sept.  5 

Slight. 

Consfdera. 
ble. 

0.66 

8.75 

1.65 

2.10 

.0012 

.0308 
.0230 

.17 

.0020 

.0001 

3291 

Oct.    1 

Oct.    2 

Distinct. 

SUght. 
green. 

0.60 

8.50 

1.50 

2.00 

.0000 

.0242 
.0236 

.18 

.0030 

.0001 

3439 

Oct.  31 

Not.   2 

SUght. 

VerysUght. 

0.70 

4.10 

1.90 

2.20 

.0004 

.0W8 

.0222 

.25 

.0050 

.0001 

3632 
3802 

Dec    3 

1ft 

Jan.    1 

1 

Dec.    4 

9m. 

Jan.    2 

VerysUght. 
SUght. 

VerysUght. 
VerysUght 

0.00 
0.90 

8.78 
3.80 

t.10 
1,75 

1.69 
2.05 

.0012 
.0008 

.0268 
.0242 

,0270 
.0228 

.27 
.24 

.0060 
.0080 

.0003 
.0006 

3958    Feb.     4 

Feb.    6 

SUght. 

Blight. 

0.75 

3.46 

1.30 

2.19 

.0016 

.0210 
.0184 

.20 

.0160 

.0002 

4190   Mar.   4 

1 

Mar.    6 

VerysUght. 

VerysUght 

0.80 

3.50 

1.40 

2.09 

.0012 

.0216 
.0182 

.24 

.0160 

.0001 

4442 

Apr.    1 

Apr.    2 

VerysUght. 

VerysUght 

1.00 

3.40 

1.40 

2.00 

.0002 

.0190 

.0166 

.22 

.0070 

.0003 

4397 

May    1 

May    2 

SUght. 

Slight. 

0.75 
0.73 

3.55 

4.00 

1.58 
1.48 

2.00 

.0008 

.0228 
.0178 

.23 

1 

.23 

,.0060 

,0002 

At. 

1 

2.62 

.0019 

.0244 

,0068 

.0002 

1 

nardneas  in  May,  1888, 1.4.    Odor,  generaUy  vegetable,  frequently  disagreeable. The  samplea 

were  collected  from  the  reservoir,  near  the  gate-honso,  at  a  depth  of  40  feet  beneath  the  surface,  with  the 
exception  of  Nos.  1074,  1285,  1516  and  1718,  which  were  collected  al  38, 30,  34  and  38  feet  respectively 
beneath  the  snrfaee. 
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Microscopical  Examination, 


[Dec. 


1S8S. 

18S9. 

June. 

July. 

Aug.  Sept 

Oct 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-greeu  A\gn 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algas 

3.8 

0.4 

0.1 

0.7 

0.8 

1.1 

pr. 

0.4 

0.1 

0.1 

1.0 

0.0 

3  Fungi, 

0.0 

0.0 

0.0 

pr. 

0.0 

pr. 

0.0 

pr. 

0.0 

0.0 

pr. 

0.0 

4.  Animal  Forma,      .... 

pr. 

0.3 

pr. 

O.l 

0.2 

0.2 

0.0 

pr. 

pr. 

0.0 

0.2 

0.0 

Oroups  and  principal  genera  of  organlams  observed:    2.  PalmellaoesB ;  Zooaporeie;  Deamldlacesa; 
DiatomacesD,  ^yuedra.    3.  Bchtzomycetes.    4.  Protozoa ;  Rotlf era ;  Entomostraca. 

Sudbury  River  Supply.  —  Chemical  Examination  of  Water  from  Sudbury 
River  at  Upper  End  of  Reservoir  No.  2,  in  Ashland. 

[Parts  per  100,000.] 


Date  of         | 

Appbarasgi. 

Rbsidub  cm 

EVAP0BAT10.V. 

Ammonia. 

i 

NlTXOOKM 

as 

1 

i 

H 

1 

ll 

1 

4 

1 

1 

1^ 

8 

s 

^ 

18 

May  31 

87. 

June 

1 

Slight. 

Slight. 

1.50 

1 

4.01 

1.58 

2.43 

1 

.0019 

.0291 

_ 

« 

227 

June  30 

July 

1 

Slight. 

None. 

1.00 ; 

5.17 

l.SO 

3.37 

.0038 

.0310 

.29 

.0260 

- 

466 

Aug.  1 

Aug. 

2 

Very  slight. 

Slight. 

0.00 

6.10 

1.17 

3.93 

.0034 

.0275 

.30 

.0120 

- 

066 

Aug.  31 

Sept. 

1 

Very  alight 

Slight, 
rusty. 

1.20 

6.35 

2.15 

4.20 

.0029 

.0802 

.36 

.0130 

- 

866 

Oct.    3 

Oct. 

4 

Very  Blight. 

Slight. 

0.70 

5.70 

1.65 

4.05 

.0018 

.0232 

.51 

.0260 

- 

1075 

Oct.  31 

Nov. 

1 

Very  alight 

Slight, 
earthy. 

1.10 

6.00 

1.45 

3.55 

.0000 

.0316 

.43 

.0100 

- 

1286 

Nov.  30 

Dec. 

1 

Very  alight 

Very  slight. 

1.50 

6.25 

2.90 

3.35 

.0011 

.0374 

.43 

.0150 

- 

1616 

18 

Jan.    2 

88. 
Jan. 

3 

Distinct. 

SliKht, 
earOiy. 

1.00 

4.47 

1.82 

2.65 

.0037 

.0277 

.22 

.0090 

.0000 

1722 

Feb.    1 

Feb. 

2 

Very  slight. 

VerysUght. 

1.50 

5.70 

2.25 

3.45 

.0049 

.0244 

.32 

.0200 

.0000 

1932 

Mar.    1 

Mar. 

2 

Very  alight. 

Very  slight. 

0.80 

4.85 

1.85 

2.80 

.0002 

.0250 

.27 

.0150 

.0000 

2189 

Apr.   2 

Apr. 

3 

Diatinct. 

Slight, 
earthy. 

0.80 

3.10 

1.10 

2.00 

.0008 

.0215 

.19 

.0080 

.0001 

May    1 

May 

2 

Slife'ht 

Very  Blight. 

1.10 

3.85 

1.85 

2.00 

.0000 

.0278 

.29 

.0100 

.0003 

2544 

June   4 

June 

4 

Slight 

Slight 

1.40 

:  4.85 

2.30 

2.55 

.0004 

.0372 
.0350 

.28 

.0070 

.0008 

2605 

July    2 

July 

3 

Slight. 

Slight. 

1.30 

5.00 

2.25 

2.75 

.0020 

.02S8 

.0288 

.33 

.0180 

.0001 

286S 

Aug.   1 

Aug. 

3 

Slight. 

Slight. 

0.86 

4.50 

1.85 

2.85 

.0026 

.02«4 
.0234 

.31 

.0030 

.0002 

8045 

Sept.  4 

Sept. 

5 

Slight. 

Slight 

1.80 

8.75 

2.55 

4.20 

.0048 

.0444 
.0380 

.30 

.0070 

.0001 

8200 

Oct.    1 

Oct. 

2 

Slight 

Slight. 

2.00 

5.70 

3.18 

2.55 

.0014 

.0.390 

.0350 

.30 

.0070 

.0003 

8475 

Oct.  31 

Nov. 

1 

None. 

VerysUght. 

1.10 

4.85 

2.35 

2.50 

.0002 

.02.54 
.0242 

.35 

.0060 

.0002 

3633 

Dec.    3 

Dec. 

4 

Very  slight 

Slight, 
brown. 

0.60 

3.70 

1.75 

1.95 

.0000 

.0208 
.0194 

.31 

.0180  .0002 
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Chemical  Examination  of  Water  from  Sudbury  River -^ 

Concluded. 

DATS  OV 

Appbasakcb. 

Rksidur  oir 

EVAPOBATIOM. 

AXXOKIA. 

.27 

NiTROOaN 
AS 

1 

1 

,1 

SI 

f 

1 

1 

1 

il 

J 

i 

1^ 

K 

^ 

3S03 

18 

Jan.    1 

89. 

Jan.    2 

Very  •light. 

Slight 
earthy. 

0.00 

3.35 

1.2Q 

2.15 

.0000 

.0170 
.0158 

1 
1 

.0110  .0004 

1          . 

3857   Feb.    4 

Feb.    5 

Slight. 

SUght. 

0.00 

3.40 

1.10 

2.80 

.0006 

.0206 
.0176 

.27 

.0100  .0002 

1 

420O   Mar.    4 

1 

Mar.    5 

Very  slight. 

Very  slight. 

0.70 

8.49 

1.15 

2.80 ' 

.0001 

.0108 
.0166 

.30 

.0190  .0003 

1 

4443 

Apr.    i 

Apr.    2 

VeryaUght. 

VerysUght. 

0.70 

3.86 

1.25 

..,. 

.0006 

.0196 
.0196 

.27 

.0070 

.0003 

4593 

May    1 

May    2 

1 

SUght. 

Consldera. 
ble. 

1.40 

4.S5 
4.05 

2.20 
1.80 

2.35; 
3.15 

.0012 
.0016 

.0326 
.0290 

.0283 

.27 

.0050 
.0123 

.0003 

Av 

1.09 

.0002 

1 

Hardneas  In  May*  1888, 1.4.    Odor,  srenerally  falntlv  vegetable,  seldom  mouldy  and  disagreeable. 

The  samples  were  collected  from  the  rivor  near  the  old  dam  at  upper  end  of  lieservolr  No.  2,  at  a  depth 


of  one  foot  beneath  the  surface. 


Microscopical  Examination. 


18SS. 

1890. 

JaneJjaly. 

Aug. 

Sept 

Oct. 

Xov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-green  Algse,  .... 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Alg» 

5.1 

2.0 

0.8 

0.6 

0.4 

0.1 

0.1 

0.9 

1.1 

0.9 

2.1 

0.4 

8.  Fungi 

2.1 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forma 

0.1 

0.2 

1.7 

0.3 

pr. 

0.0 

0.0 

pr. 

0.0 

0.1 

0.3 

0.3 

Oronps  and  principal  genera  of  organisms  observed:  2.  Palmellaceas;  Zoosporen;  Desmldlaceao ; 
I>iatoinaceie,  Slauronfhf  Synedra ;  ZygnemaoesB.  3.  Sohizomycetes,  Orenothrix.  4.  Protozoa,  JXno- 
bryoM  ;  ii^pongiaria ;  Rotlfera;  Entomostraca. 

Sudbury  River  Supply. —  Chemical  Examination  of  Water  from 
Reservoir  No.  2,  in  South  Framinyham. 

[Parts  por  100.000.1 


Datk  of 

APPBASAKCa. 

Hkmduk  on 
evafukatiun. 

Ajcxonia. 

"l 

KiTROOKN 
AS 

1 

s 

1 

e 

1 

1 

1 

I 

§1 

1 

1 

< 

» 

9i 

19 

18 

May  31 

87. 
June 

1 

Decided. 

Sllg%nuty. 

1.40 

4.00 

2.38 

2.22 

.0024 

.0297 

_ 

_ 

_ 

234 

June  30 

July 

1 

SUght. 

Slight. 

1.80 

6.17 

1.72 

3.45 

.0039 

.0365 

.29 

.0060 

- 

467 

Aug.   1 

Aug. 

2 

Slight. 

SUght. 

0.90 

6.12 

1.00 

3.22 

.0004 

.0293 

.31 

.0070 

- 

657 

Aug.  31 

Sept. 

1 

Slight. 

None. 

0.80 

4.95 

1.72 

3.23 

.0006 

.0335 

.80 

.0000 

- 

867 

Oct.     8 

Oct. 

4 

Slight. 

Consld'ble. 

1.30 

6.67 

2.20 

3.37 

.0006 

.0398 

.41 

1.0070 

1 

- 

1076 

Oct.  31 

Nov. 

1 

Slight. 

Slight. 

1.00 

4.05 

1.05 

3.00 

.0012 

.0320 

.84 

'.0030 

1 

- 

1287 

Nov.  30 

Dec. 

1 

SUght. 

SUght. 

0.90 

6.10 

2.10 

3.00 

.0013 

.0340 

.36 

.0060 

- 
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Chemical  Examination  of  Water  from  Beservoir  No.  2  —  Concluded. 


Dati  of 

APrKASAVOB. 

Rksidub  ov 

EVAl*OaATIUM. 

Amxoxia. 

i 

.30* 

KiTSOOEK 
Al» 

s 

1 

§1 

a-- 

f 

1 

1 

I 

§1 

1 

1 

A 

.0100 

1 

iq 

1317 

18 

Jon.    2 

88. 
Jan. 

3 

Very  Blight. 

Very  slight. 

1.60 

6.05 

2.35 

3.70 

.0026 

.0350 

.0000 

1723 

Feb.    1 

Feb. 

2 

Very  Blight. 

Very  slight. 

1.30 

6.05 

2.80 

3.25 

.0012 

.0258 

.32 

.0250 

.0000 

1931 

Mar.    1 

Mar. 

2 

Slight. 

Very  slight. 

0.80 

4.25 

1.76 

2.50 

.0003 

.0243 

.23 

.0160 

.0000 

2142 

Apr.   2 

Apr. 

3 

Very  Blight. 

Very  slight. 

0.70 

3.05 

1.15 

1.90 

.0000 

.0183 

.20 

.0080 

.0001 

2384 

Kay    1 

May 

2 

Difltinct. 

Very  Blight. 

0.90 

3.55 

1.50 

2.05 

.0000 

.0268 

.35 

.0120 

.0003 

2558 

Jane  6 

June 

7 

Slight. 

Considera. 
bio. 

1.30 

4.20 

1.90 

2.80 

.0002 

.0324 
.0240 

.29 

.0040 

.0001 

2713 

July    6 

July 

6 

Distinct. 

Considera- 
ble. 

1.00 

4.55 

2.15 

2.40 

.0006 

.0300 
.0224 

.30 

.0070 

.0000 

2867 

Aug.  1 

Aug. 

3 

Distinct. 

SlUht, 
green. 

0.90 

4.95 

1.80 

8.15 

.0000 

.0344 
.0244 

.34 

.0030 

.0001 

8046 

Sept.  4 

Sept. 

5 

Distinct. 

Considera- 
ble, green. 

0.70 

1         • 
:  4.55 

2.00 

2.55 

.0000 

.039S 
.0278 

.25 

.0050 

.0001 

31t93 

Oct.     1 

Oct. 

2 

Very  slight. 

Very  slight. 

1.70 

5.70 

2.85 

2.85 

.0008 

.0428 
.0896: 

.29 

.0070 

.0002 

3476 

Oct.  31 

Nov. 

1 

Slight. 

Very  slight. 

1.50 

4.85 

2.15 

2.70 

.0000 

.0308 ' 
.0270 

.36 

.0080 

.0002 

8634 
3804 

Dec.    3 

18 

Jan.    1 

Dec. 

89. 

Jan. 

4 
2 

Slight. 
Very  slight. 

Slight. 

Slight, 
earthy. 

0.60 
0.60 

8.80 
;  8.40 

1.70 
1.25 

2.10 
2.15 

.0002 
.0000 

.0198 
.0188 

.0198 
.0180 

.31 
.27 

.0180 
.0130 

.0003 
.0006 

8958 

Feb.    4 

Feb. 

6 

Slight. 

Very  slight. 

0.60 

8.85 

0.85 

2.50 

.0000 

.0220 
.0182 

.26 

.0160 

.0001 

4201 

Mar.   4 

Mar. 

5 

Very  slight. 

Very  slight. 

0.55 

8.25 

1.20 

2.05 

.0008 

.0218 
.0190 

.26 

.0110 

.0003 

4444 

Apr.    1 

Apr. 

2 

Very  slight. 

VerysUght. 

0.90 

8.20 

1.20 

2.00 

.0008 

.0190 
.0178 

.26 

.0070 

.0004 

4500 

May    1 

May 

2 

Distinct. 

Slight. 

1.00 
1.01 

8.90 

1.80 
1.88 

2.10 

.0010 

.0322 
.0236 

.27 

.0070 
.0089 

.0002 

Av. 

1 

4.70 

2.91 

.0008 

.0206 

.30 

.0002 

t 

Hardness  In  May,  188S,  1.1.    Odor,  generally  vegetable,  occasionally  mouldy  and  disagreeable. 

The  samples  were  collected  from  the  reservoir,  near  the  gnte-housc,  at  a  depth  of  8  feet  beneath  the 
surface.    For  monthly  record  of  heights  of  water  in  this  reservoir,  see  page  62. 


Microscopical  Examination, 


1888. 

1880. 

June. 

Jaly.j  Aug.  1  Sept 

Oct. 

Nov. 

Dec. 

i'"- 

Feb. 

Mar. 

Apr.  1  May. 

1.  Blue,  green  Alg»,    .... 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

lo.o 

0.0 

0.0 

0.0 

0.0 

2.  Other  Alg», 

4.2 

16.2 

6.0 

1.8 

1.1 

0.1 

pr. 

0.6 

pr. 

0.1 

8.8 

4.6 

8.  Fungi,      ...... 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,       .... 

pr. 

0.8 

1.5 

0.2 

pr. 

1.2 

pr. 

'    ^'• 

0.0 

2.0 

0.2 

pr. 

Groups  and  principal  genera  of  organisms  observed:  2.  PalraellacecB ;  Zoosporess,  Scenedei/nus; 
Desmidlaceo) ;  Dlatomaoen,  Fragillaria,  Synedra.  8.  Schizomycetes.  4.  Protozoa,  Ptridinium; 
Rotifera;  Eutomostraca. 
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SuBBiTBT  Rites  Scpplt. —  Chcmioal  Examinalion  of  Water  from  Stony  Brook 
at  Upper  End  of  Reservoir  No.  3,  in  SotUhborough. 

[Ihuta  per  100,000.] 


Date  of 

RwzniTB  OH 
EvAPuBATiosr. 

Ammovia. 

i 

0.46 

KlTBOOB2f 
AM 

£ 

j 

a- 

f 

1 

I 

1 

1 

1 

|t 

1 

W 

SI 

May  81 

•7. 

June 

2 

VerysUght. 

Very  slight. 

1.30 

1 
7.45 

3.83 

3.62 

.0068 

.0427 

« 

_ 

228 

Jane  30 

July 

1 

1  Very  Blight. 

Very  slight. 

1.10 

6.02 

2.35 

4.27 

.0089 

.0338 

0.60 
O.V 

.0100 

- 

458 

Aug.   1 

Aug. 

2 

Very  slight. 

Slight. 

0.80 

7.62 

1.65 

6.07 

.0013 

.0288 

.0090 

- 

6do|Ang.3I 

3ept. 

1 

;Xone. 

VerysUght. 

1.10 

8.92 

1.00 

7.02 

.0036 

.0446 

0.86 

.0190 

- 

863    Oct.     3 

Oct. 

4 

Veryrtght. 

Slight. 

0.55 

6.97 

1.37 

5.60 

.0001 

.0286 

0.87 

.0180 

- 

1077 

Oct.  31 

Not. 

1 

Very  slight. 

Consid*ble, 
earthy. 

0.75 

8.40 

2.65 

6.75 

.0000 

.0870 

1.08 

.0180 

- 

1288 

Nov.  30 

Dee. 

1 

Distinct. 

SUght. 

1.20 

8.20 

2.85 

6.35 

.0057 

.0855 

0.06 

.0280 

- 

1518 

lA 

Jan.     2 

98. 
Jan. 

3 

Decided. 

Consid'bie, 
earthy. 

0.75 

5.25 

1.90 

3.86 

.0136 

.0289 

0.26 

.0200 

.0006 

1724 

Feb.    1 

Feb. 

2 

Very  alight. 

Very  slight. 

0.90 

7.50 

2.30 

5.20 

.0108 

.0211 

0.58 

.0650 

.0002 

1933 

Mar.    1 

Mar*2 

Slight. 

VerysUght. 

0.70 

5.45 

4 

1.76 

8.70 

.0033 

.0241, 

0.41 

.0400 

.0002 

2141 

Apr.    2 

Apr. 

3 

Distinct. 

Slight. 

0.70 

4.45 

1.25 

3.20 

.0017 

.0250 

0.27 

.0160 

.0002 

2335 

May    1 

May 

2 

Distinct. 

1 

Slight. 

1.00 

5.75 

2.10 

3.63 

.0082 

.0290 

0.60 

ioaoo 

.0008 

2;>45 

June    4 

June 

4 

Slight. 

1 

Slight. 

1.90 

6.20 

2.45 

3.75 

.0014 

.0442 
.0382 

0.88 

.0250 

.0006 

2896 

July    2 

July 

8 

Distinct. 

Slight. 

1.70 

6.85 

2.60 

4.25 

.0040 

.0370 
.0386 

0.61 

.0120 

.0009 

2871 

Aug.   1 

Aug. 

Very  slight. 

VerysUght. 

0.80 

7.05 

1.75 

5.30 

.0084 

.0278 
.0278 

0.94 

.0020 

.0002 

3017    8«pt.  4 

Sept. 

Very  slight. 

Slight. 

0.90 

7.65 

2.70 

4.95 

.0086 

.0414 
.0406 

0.63 

.0060 

.0002 

3294 

Oct.     1 

Oct. 

None. 

VerysUght. 

2.10 

7.50 

3.00 

4.50 

.0014 

.0466 
.0388 

0.48 

.0750 

.0001 

8477 

Oct.  81 

Not. 

Vory  slight. 

VerysUght. 

1.90 

6.20 

2.30 

3.90 

.0006 

.0296 
.0282 

0.55 

.0800 

.0002 

3635 

3805 

Dee.    3 

19 

Jan.     1 

Deo. 
Jan. 

Very  slight. 
Very  slight. 

VerysUght. 
Very  sUght. 

0.55 
0.60 

5.15 
4.45 

1.95 
1.30 

3.20 
3.15 

.0000 
.0086 

.0190 
.0176 

.0178 ' 
.0152 

0.54 
0.44 

.0650 
.0550 

.0004 
.0008 

3099 

Feb.    4 

Feb. 

SUs^t. 

Slight. 

0.50 

4.85 

1.60 

3.25 

.0006 

.0180 
.0168 

0.45 

.0460 

.0006 

4202 

Mar.    4iMar. 

i 

Distinct. 

VerysUght. 

0.60 

5.15 

1.55 

3.60 

.0902 

.0224 
.0192 

0.60 

.0400 

.0010 

4445 

Apr.    1 

Apr. 

2 

Very  slight. 

VerysUght. 

0.65 

5.05 

1.95 

8.10 

.0078 

.0280 
.0294 

0.47 

.0200 

.0008 

4600 

May    1 

May 

2 

Slight. 

Slight. 

1.45 

5.70 

2.40 
2.16 

3.30 
4.73 

.0086 
.0047 

.0858 
.0326 

0.41 
0.57 

.0160 

.0006 

At 

1.02 

6.88 

.0809 

.0274 

.0005 



HardneM  Id  May,  1687, 1 .8.  Odor,  generallv  faintly  veaeUble.  seldom 
were  collected  from  Stony  Brook  about  60  feet  Deiow  the  first  road  aboTo 
one  foot  beneath  the  surfsce. 


disagreeable. The  sam  plcn 

Beserrolr  No.  3,  at  a  depth  of 
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WATER  SUPPLY  AND  SEWERAGE. 

Microscopical  Examination. 


[Dec. 


18S8.                              I 

1889. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-green  A  lg8B,  .       .       .       . 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

2.  Other  Algn, 

3.5 

1.0 

1.4 

3.2 

1.3 

pr. 

0.1 

0.7 

0.6 

0.4 

1.1 

1.0 

3.  Fungi 

8.0 

0.2 

1.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

4.  Animal  Forms 

0.1 

0.4 

0.6 

1.2 

pr. 

pr. 

0.0 

0.0 

0.0 

pr. 

0.1 

0.0 

Groupa  and  principal 
sporesD ;  Deamidiaceaa ;  I>i 
BoUfera;  Bntomoetraca. 


il  genera  of  organiams  observed:    1.  CyanophyceiB.     2.  Palmellaceeo;  Zoo> 
iatomooes,  MeloHra,  Tabellaria.   3.  Schizomycetes,  Orenothrix.  4.  Protozoa; 


Bntomo 

Sudbury  Riyeb  Svppjjy.—  Chemical  Examination  of  Water  from 
Reservoir  No.  3,  in  Framingham, 

[Parts  per  100,000.] 


Datb  of 

Appbabavos. 

Rksidub  on 
Evaporation. 

AXXOXIA. 

« 

c 

1 

.38 

NlTBOOBV 
AS 

y. 

o 

1^ 

f 

*: 

1 

1 

Loss  on 
Ignition. 

Fixed. 

1 

il 

< 

'A 

S 

20 

18 

May  31 

87. 

June  2 

Slight. 

Slight. 

1.00 

5.20 

3.15 

2.05 

.0068 

.02^5 

.0260 

. 

229 

June  SO 

July    1 

;  Slight. 

Slight. 

1.10 

6.17 

1.90 

4.27 

.0058 

.0284 

.40 

.0450 

- 

459 

Aug!   1 

Aug.  2 

1  Slight. 

Slight. 

0.90 

5.27 

1.77 

3.50 

.0008 

.0303 

.86 

.0070 

- 

658 

Aug.  31 

Sept.  1 

Slight. 

None. 

1.00 

5.85 

1.47 

3.88 

.0216 

.0333 

.42 

.0030 

- 

869 

Oct.     3 

Oct.     4 

Slight. 

Very  slight. 

1.00 

5.67 

1.92 

3.75 

.0068 

.0352 

.48 

.0130 

- 

1078 

Oct.  31 

Nov.   1 

Very  slight. 

Slight. 

0.70 

5.55 

2.20 

3.86 

.0066 

.0386 

.51 

.0100 

- 

1289 

Nov.  30 

Dec.    1 

Very  slight. 

Slight. 

0.70 

5.15 

1.75 

8.40 

.0030 

.0351 

1    .49 

.0150 

- 

1519 

18 

Jan.    2 

88. 
Jan.    3 

Distinct. 

Slight, 
white. 

1.20 

5.65 

1.65 

4.00 

.C054 

.0386 

.45 

.0160 

.0001 

1725 

Feb.    1 

Feb.    2 

Very  slight. 

None. 

1.30 

6.50 

2.40 

4.10 

.0072 

.0267 

1    .89 

.0460 

.0001 

1934 

Mar.    1 

Mar.    2 

1  Distinct. 

Slight. 

0.60: 

4.45 

1.25 

3.20 

.0085 

.0209 

.31 

.0250 

.0002 

2140 

Apr.   2 

Apr.    3 

,  Decided. 

Slight. 

0.60 

3.76 

1.00 

2.75 

.0062 

.0230 

.27 

.0180 

.0002 

2336 

May    1 

May    2 

Distinct. 

Considera- 
ble. 

0.90 

4.30 

1.70 

2.60 

.0012 

.0282 

.36 

.0200 

.0008 

2554 

June  6 

June  7 

Very  slight. 

Slight. 

1.20i 

5.10 

1.95 

3.15 

.0022 

.0320 
.0252 

.38 

.0200 

.0007 

2714 

July    5 

July    6 

Slight. 

Slight. 

0.60 

5.05 

2.20 

2.85 

.0010 

.0274 
.0252 

.42 

.0260 

.0004 

2870 

Aug.  1 

Aug.  3 

Very  slight. 

Verj- slight. 

1.10 

8.10 

1.10 

2.00 

.0040 

.0278 
.0254 

.46 

.0090 

.0005 

3048 

Sept.  4 

Sept.  5 

Slight. 

Slight, 
green. 

0.70 

5.45 

1.90 

3.55 

.0020 

.0336 
.0256 

.44 

.0060 

.0002 

3295 

Oct.    1 

Oct.    2 

Distinct. 

Slight. 

0.80 

5.75 

2.10 

3.65 

.0028 

.0368 
.0306 

.43 

.0090 

.0002 

3478 

Oct.  31 

Nov.    1 

Slight. 

Very  slight. 

2.20 

5.95 

2.30 

3.65 

.0024 

.0294 
.0266 

.50 

.0250 

.0002 

8636 

Dec.    3 

Dee.    4 

1 

Slight. 

Slight, 
earthy. 

0.56 

4.75 

1.90 

2.85 

.0028 

.0218 
.0182 

.45 

.0450 

.0007 

Digitiz 
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1889.]  WATER  SUPPLY  AND  SEWERAGE.  47 

Chemical  Exaniinaiton  of  Water  from  Reservoir  No.  3 — Concluded. 


Date  of 

ArPKARAllCB. 

Bbbidub  oh 

BVAPOEATIOll. 

Amxokia. 

1 

,  KlTROaSS 

1 

a 

j 

.1 

>f 

1 
1 

1 

1 

i 

K 

1 

il 
< 

i 

2 

Si; 

3806 

18 

Jon.    1 

80. 

Jan.    2 

DtBtiDCt. 

SUght. 

0.60 

4.85 

1.50 

2.85 

.0020 

.0180 
.0152 

.87 

.0180 

.0006 

3860 

Feb.    4 

Feb.    5 

Slight. 

Very  Blight. 

0.50 

4.60 

1.55 

3.05 

.0034 

.02221 
.0200, 

.42 

.0350 

.0004 

4203 

Mar.   4 

Mar.    6 

Slight. 

VeryBUght. 

0.55 

4.40 

1.50 

2.90 

.0070 

.02301 
.0184 

.84 

.0400 

.0003 

4446 

Apr.    1 

Apr.    2 

Very  Blight. 

Slight. 

0.50 

4.10 

1.30 

2.80 

.0074 

.0238 
.0194 

.37 

.0300 

.0005 

4601 

May    1 

May    2 

Slight. 

Considera- 
ble. 

0.60 

4.50 
5.25 

!.65 

2.85 

.0002 

.0280 
.0214 

.42 
.40 

.0200 
.0218 

.0003 

Ay 

0.87 

1.85 

3.40 

.0040 

.0285 

.0003 

HardneoB  in    May.  1888,  1.7.     Odor,  generally  faintly  vegetable,  Beldom   diBagreeable. The 

aamplea  were  collected  from  the  reservctlr,  near  the  gnte-boiiBe,  at  a  depth  of  8  feet  beneath  the  surface. 
For  monthly  record  of  belghta  of  water  in  this  reservoir,  see  page  62. 


Microscopical  Examination. 

1888. 

1889. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mnr.  Apr. 

May. 

1.  Blue-green  AlgBB, . 

. 

P'. 

0.1 

0.1 

pr. 

0.2 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Alg«B, .        . 

. 

13.6 

119.6 

4.7 

4.5 

12.6 

0.5 

pr. 

0.8 

pr. 

0.9 

1.4 

3.3 

8.  Fungi,    .... 

. 

pr. 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  FormB,     . 

•      • 

0.0 

0.8 

0.1 

1.0 

1.9 

pr. 

0.0 

0.0 

0.0 

0.4 

0.5 

4.4 

O roups  snd  principal  genera  of  organisms  observed :  1.  Cyanophycen.  2.  Palmellaceee,  Chioro- 
eoccus;  Zoospores;  Desraidlacen ;  DlatomacesB,  Aiterionflla^  Memdra,  StephanodiHmSt  aynedra, 
Tabeliaria.    3.  Schlzomycetes.    4.  Protozoa,  Z>ino&ryon,  Trachel^fnoriat ;  liotlfera;  Entomostraca. 


Sddburt  River  Supply.  —  Chemical  Examination  of  Water  from  Farm 
Fond,  in  Framingham, 

[Parts  per  100,000.]  


Date  of 

ArrBABANCB. 

Kkaidub  on 
evaforatiov. 

Amxonia. 

i 

.40 
.88 

NlTROOKH 
AS 

1 

s 
95 

1 

ii 

9 

H 

1 

1 

1 

il 

1 

1 

1 

< 

1 
1 

2q 

14 
455 

18 

May  31 

June  30 
Aug.  1 

June   1 

July    1 
Aug.  2 

Slight, 
milky. 

1  None. 

Slight. 

None. 

None. 
None. 

1.00 

0.80 
0.70 

4.70 

5.35 
6.15 

2.16 

1.35 
1.35 

2.65 

4.00 
8.80 

.0090 

.0060 
.0006 

.0236 

.0275 
.0254 

.0130 
.0030 

- 
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48  WATER  SUPPLY  AND  SEWERAGE.  [Dec. 

Chemical  ExamituUion  of  Water  from  Farm  Pond— Concluded. 


Datb  of 

Appkabahci. 

Rbbiduk  ox 

EVAPOKATIOir. 

Ammohia. 

J 

NiTROOBX 
AS 

1 

1 

a-' 

f 

1 

1 

1 

§1 

Ui 

1 

il 

< 

y* 

7. 

660 

18 

Aug.  31 

87. 

Sept.  1 

Slight. 

Slight, 
rusty. 

0.60 

5.90 

1.62 

4.28 

.0004 

.0327 

.39 

.0000 

- 

870 

Oct.     8 

Oct.    4 

Distinct. 

Blight. 

0.76 

6.40 

1.75 

3.65 

.0125 

.0383 

.40 

.0090 

- 

1079 

Oct.  81 

Nov.    1 

Slight. 

Considera- 
ble. 

0.70 

4.55 

1.40 

3.16 

.0006 

.0348 

.86 

.0010      - 

1290 

Nov.  30 

Dec.    1 

Slight. 

Slight. 

0.90 

4.85 

1.95 

2.90 

.0010 

.0290 

.34 

.0040 

. 

1520 

18 

Jan.    -2 

88. 
Jan.    3 

Very  slight. 

%^. 

0.70 

6.65 

2.00 

3.65 

.0016 

.0330 

.39 

.0080 

.0000 

1726 

Feb.    1 

Feb.    2 

Very  slight. 

None. 

1.00 

5.80 

2.20 

3.60 

.0045 

.0246 

.32 

.0280 

.0000 

193d 

Mar.   1 

Mar.    2 

Distinct. 

Very  slight. 

0.60 

5.35 

1.30 

4.05 

.0079 

.0232 

.42 

.0250 

.ooos 

2143 

Apr.   2 

Apr.    3 

Decided. 

Const  dera. 
ble.white. 

0.45 

4.35 

1.26 

S.IO 

.0068 

.0236 

.34 

.0180 

2337 

May    1 

May    2 

Decided. 

Slight. 

0.60 

4.20 

1.30 

2.90 

.0016 

.0288 

.34 

.0120 

.0004 

2553 

June   0 

June   7 

Slight. 

Considera- 
ble, white. 

0.70 

4.75 

1.65 

S.1D 

.0034 

.0264 
.0174 

.42 

.0250 

.0005 

2715 

July    6 

July    6 

Distinct. 

Slight. 

0.50 

4.95 

1.85 

S.IO 

.0084 

.0248 
.0248 

.40 

.0200 

.0003 

2860 

Aug.  1 

Aug.  3 

Slight. 

Slight, 
green. 

0.85 

5.10 

1.70 

8.40 

.0(m 

.0280 
.0222 

.37 

.0070 

.U0O!l 

3040 

Sept.  4 

Sept.  6 

Slight. 

Slight, 
white. 

0.60 

4.25 

1.M 

2.65 

.0032 

.0268 
.0234 

.27 

.0030 

.0001 

8292 

Oct.     1 

Oct.    2 

Slight, 
milky. 

Slight. 

0.60 

5.00 

1.60 

3.40 

.0116 

.0312, 
.0274 

.34 

.0120 

.0004 

3470 

Oct.  31 

Nov.   1 

Slight. 

Very  slight. 

1.20 

5.25 

2.25 

8.00 

.0086 

.0252 
.0242 

.89 

.0200 

.0003 

8637 
8807 

Dec.    3 

18 

Jan.     1 

Dec.   4 

89. 

Jan.    2 

Slight. 
SUght. 

Very  sUght. 
Slight. 

0.75 
0.50 

1  5.25 

1.60 
1.65 

4.05 
3.60 

.0098 
.0040 

.0226 
.0208 

.0186 
.0182 

.48 
.60 

.0300 
.0250 

.0004 
.0006 

3961 

Feb.    4 

Feb.    6 

Slight. 

Slight. 

0.55 

5.85 

1.55 

4.80 

.0050 

.0240 
.0202 

.68 

.0400 

1 

.0007 

4204 

Mar.   4 

Mar.    5 

Slight. 

Considera- 
ble,  light. 

0.26 

4.20 

1.20 

8.00 

.0020 

.0248 
.0142 

.40 

.0280 

.0CO4 

4447 

Apr.   1 

Apr.   2 

Slight. 

Very  slight. 

0.15 

4.55 

1.05 

3.50 

.0010 

.0182 
.0140 

.48 

.0120 

.0003 

4602 

May    1 

May    2 

SUght. 

Slight. 

0.80 

5.15 

1.15 

1.63 

4.00 
3.47 

.0008 
.0047 

.0208 
.0166 

.0262 

.57 

.0200 

.0004 

Av. 

0.0*) 

5.10 

.40 

.0158 

.0003 

Hardness  in  May,  1888, 1.6.    Odor,  generally  vegetable,  occasionally  disagreeable. The  samples 

were  collected  from  the  pond,  at  the  gate-houso.  Algas  appeared  In  the  pond  in  June,  1887,  and  from 
June  2  to  Aug.  24, 1887,  no  water  was  drawn  from  the  pond  for  the  supply  of  the  city.  During  this 
time  no  water  wos  diverted  into  the  pond  from  the  reservoirs.  For  monthly  record  of  heights  of  water 
In  this  pond,  see  page  62. 
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- 

ISM. 

1889. 

Jnne. 

July. 

Aug 

Sept 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

.Haj. 

1.  Blucgreen  Algs 

pr. 

0.0 

4.0 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

2,  Other  Alga 

A.O 

0.6 

7.0 

8.0 

0.7 

pr. 

0.0 

1.4 

0.4 

0.0 

4.3 

1.1 

3.  Fungi 

0.0 

O.l 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

4.  Animal  Forms,     .... 

pr. 

0.1 

pr. 

0.6 

0.3 

0.0 

0.0 

0.0 

2.4 

450.8 

8.2 

0.0 

Groups  and  principal  genera  of  organisms  observed:  1.  Cyanophyces,  Anabana.  2.  Palmcllaccs, 
Chlorococam ;  Zoospores;  Desmidlaceio ;  DiatomacesB,  AMlerionella,  Stephanodt»ai»t  Sj/nedra;  Zyg- 
nemaceo.  3.  Schizomyoetea.  4.  Protozoa^^nodfyon,  Traehelomo9i(u;  Annelida;  Rodfera;  Bryozoa; 
Eniomostraca. 

CocHiTDATE  SUPPLT.—  Chemical  Examination  of  Water  from  Beaver  Dam 
Brook  at  point  of 'discharge  into  Lake  Cochiluate,  in  Natick. 

[Psrts  per  100,000.] 


DATS  OF 

2 

AmAMAKCM. 

RrSIDCK  ON 
EVAFOBATIOM. 

AXXOKIA. 

i 

0.85 

NlTROOKX 
AS 

1 

1 

18 

31 

87. 

June 

1 

1 

1 

1 

§1 

1 

1 

1^ 

s 

?. 

23 

M.y 

Slight, 
milky. 

ble. 

1.00 

8.25 

8.48 

4.77 

.0098 

.0447 

.0260 

- 

2»  '  June  30 

July 

1 

Slight. 

Slight. 

0.86 

8.00 

1.80 

6.20 

.0044 

.0304 

0.66 

.0130 

- 

454  ;  Aug. 

1 

Aug. 

2 

VerysUght 

SUght. 

0.60 

8.26 

1.36 

6.90 

.0014 

.0266 

0.72 

.0260 

- 

688  ,  Aug. 

31 

Sept. 

1 

SUght. 

Considers- 
ble. 

0.60 

8.67 

2.07 

6.60 

.0044 

.0366 

0.63 

.0370 

- 

sn   Oct. 

3 

Oct. 

4 

Decided. 

Slight. 

0.40 

10.96 

1.72 

9.23 

.0081 

.0228 

1.24 

.0660 

- 

1060 

Oet. 

31 

Nov. 

1 

VerysUght. 

SUght. 
earthy. 

0.60 

10.60 
10.15 

1.60 
1.25 

8.00 
8.90 

.0074 

.0804 
.0284 

0.77 

.0300 

- 

1291 

:jov. 

30 

Dee. 

1 

VerysUght. 

Slight. 

1.00 

10.60 

8.40 

7.20 

.0136 

.0841 

0.63 

.0280 

- 

1S21 

Jan. 

18 

2 

88. 

Jan. 

8 

Decided. 

Much, 
earthy. 

1.00 

11.46 
6.75 

8.40 
2.45 

8.05 
4.80 

.0114 

.0660 
.0868 

0.26 

.0280 

.0006 

1727 

Feb. 

1 

Feb. 

2 

VerysUght. 

SUght. 

0.80 

8.60 

2.60 

6.00 

.0184 

.0276 

0.61 

.0280 

.0006 

1936 

Mar. 

1 

Mar. 

2 

VerysUght. 

Considcra. 
ble. 

0.70 

6.60 

1.06 

4.65 

.0129 

.0296 

0.81 

.0180 

.0002 

2144 

„,. 

2 

Apr. 

3 

Decided. 

earthy. 

1.00 

6.30 

2.20 

4.10 

.0189 

.0412 

0.83 

.0100 

.0003 

2338  1  May 

1 

May 

2 

Slight. 

Considera- 
ble. 

1.40 

7.56 

2.40 

6.16 

.0130 

.0388 

0.89 

.0090 

.0007 

2U2 

June 

4 

Jnne 

4 

VerysUght 

Slight, 
earthy. 

1.10 

7.46 

2.75 

4.70 

.0032 

.03.W 
.0846 

0.82 

.0200 

.0015 

2608 

July 

2 

Jaly 

3 

Distinct. 

Slight. 

0.70 

7.95 

2.55 

5.40 

.0068 

.0280 
.0282 

0.67 

.0400 

.0021 

2874 

Aug. 

1 

Aug. 

8 

SUght. 

Very  slight. 

0.40 

7.9Q 

1.80 

6.10 

.0068 

.0244 
.0224 

0.92 

.0500 

.0008 
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50  WATER  SUPPLY  AND  SEWERAGE.  [Dec. 

Chemical  Examination  of  Water  from  Beaver  Dam  Brook  —  Concluded. 


Datb  of 

Appbabawcb. 

Bbsidcb  om 

EVAPOIUTIOH. 

AMMOMIA. 

.69 

NiTEOGKar 

AS 

& 

1 

|l 

f 

1 

1 

1 

§1 

1 

1 

i^ 

s 

S 

3050 

18 

Sept.  4 

... 

Sept.  6 

Distinct. 

Slight. 

0.60 

8.40 

i.80 

6.10 

.0022 

.0328 
.0292 

.0180 

.0002 

8296 

Oct.    1 

Oct.    2 

SUght. 

Very  slight. 

1.90 

8.30 

S.15 

5.15 

.0032 

.0476 
.0402 

.38 

.0150 

.0005 

8480 

Oot.  81 

i^ov.   1 

Decided. 

Slight, 
earthy. 

1.70 

7.40 

2.55 

4.85 

.0084 

.0842 
.0282 

.44 

.0200 

.0005 

8638 

8808 

Dec.    8 

18 

Jan.    1 

Dec.    4 

89. 

JaD.    2 

Very  slight 
Very  slight. 

Slight, 
earthy. 

Considera- 
ble, earthy. 

0.80 
0.80 

8.46 
8.00 

i.60 
1.90 

8.85 
4.10 

.0126 
.0110 

.0270 
.0210 

.0222 
.0200 

.66 
.61 

.0450 
.0300 

.0008 
.0010 

8982 

Feb.    4 

Feb.    5 

Blight. 

Considera- 
ble, earthy. 

0.76 

6.46 

1.75 

4.70 

.0132 

.0196 
.0182 

.47 

.0480 

.0006 

4205 

Mar.    4 

Mar.   6 

Decided. 

Heavy, 
earthy> 

0.65 

6.46 

1.90 

4.55 

.0104 

.0210 
.0162 

.66 

.0800 

.0006 

44  i8 

Apr.    1 

Apr.   2 

Very  slight. 

Considera- 
ble, earthy. 

0.80 

5.85 

2.10 

8.75 

.om 

.0246 
.0218 

.45 

.0280 

.0005 

4603 

May    1 

May    2 

Slight. 

Slight. 

1.20 

6.85 

i.60 
2.32 

4.25 
6.47 

.0038 
.0088 

.tfl72 
.0812 

.0321 

.41 

.0160 
.0295 

.0005 

At. 

0.80 

8.79 

Hardness  in  May,  188^,  3.0.    Odor,  generally  vegetable  and  mouldy. The  samples  were  collected 

from  the  brook  at  Mill  Street,  a  short  distance,  above  Lake  Cochituate. 


Microscopical  ExamincUion. 


1888. 

1889. 

June 

July. 

.lug. 

Sept. 

Oct 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.    Blnegreen  Algas, 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.    Other  Algas 

2.1 

0.0 

2.2 

3.0 

0.6 

0.0 

pr. 

1.4 

0.6 

0.4 

1.8 

0.7 

8.    Fungi, 

1.6 

1.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.    Animal  Forms 

0.0 

pr. 

pr. 

pr. 

0.1 

0.0 

0.0 

pr. 

0.0 

0.0 

0.2 

0.1 

Groups  and  principal  genera  of  organisms  observed :  1 .  Cyanophyces.  2.  PalmellacesB ;  Zoosporcse ; 
Deemldiacen;  Dlatomacess,  Oocconeit,  Meloiira,  Stauroneii,  Sjfnedra,  8.  Schlzomyoetes,  Crenothri^t 
Leptothrix,   4.  Protozoa;  Spongiarla. 
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GocaiTUATB  SUPPLT. —  Chemicol  Examination  of  Water  from  Dudley  Pond, 

in  Wayland. 

CParta  per  100,000.] 


Datb  of 

Appiarancb. 

BK8IDUB  OV 

Evaporation. 

Akmomxa. 

j 

KlTROGBN 
AS 

1 

j 

1^ 

1 

«i 

1 

1 

si 

1-^ 

1 

t 

< 

1 

^ 

4208 
4451 
4605 

18 

Mar.   4 

Apr.  1 
May    1 

89. 
Mar.   5 

Apr.  2 

May    2 

Very  slight. 
Very  alight. 
Very  alight. 

Very  alight. 
Very  alight. 
Blight. 

0.10 
O.IO 

o.ao 

t.eo 

{.85 
2.75 

0.95 
0.75 
0.75 

1.65 
2.10 
2.90 

.0008 
.0082 
.0084 

.0108 
.0182 

.0220 
.0184 

.0808 
.0176 

.24 
.21 
.22 

.0160 
.0090 
.0060 

.0000 
.0001 
.0002 

Av 

0.18 

t.rs 

0.8f 

1.91 

.0060 

.0200 
.0161 

.22 

.0097 

.0001 

Hardneaa  in  March,  1.0.    Odor,  faintly  vegetable. The  aantplea  were  coUeeted  from  the  pond 

IT  the  anrfaee. 


Microscopical  Examination. 

1888. 

March. 

AprlL 

May. 

1.  ftliifk«jm^n  Alflm.          ........... 

0.0 

0.0 
9.1 
0.0 
4.0 

0.0 

2.  Other  AIieb 

0.4 

0.3 

8.  Fnngi, 

0.0 

0.0 

4.  Animal  Porma.            - 

2.8 

0.0 

Oronpa  and  principal  genera  of  organlama  obaerved:    2.  Palmellaeeae;  Dititomueem,  AattrUmella, 
Melo9ira,  StephanodUcut,  Sjftudra,  Tabellaria,    4.  Protozoa,  Dinobrywa, 


CocHiTUATE  Supply. —  Chemical  Examination  of  Water  from  Lake  Cochil^iatt^ 

in  Wayland. 

[Parts  per  100,000.] 


DATS  OP 

Appbabavcx. 

Rbsidub  on 

EVAPOBATIOK. 

AVMONIA. 

i 

I 

KITROGKM 
AS 

1 

1 

§1 

i 

j 

s 

1 

i 

1 

■1 

< 

1 

1 

22 

18 

May  81 

87. 

June  2 

1 

Dtatinet. 

VerysUght. 

0.80 

6.28 

2.48 

2.86 

.0018 

.0181 

.42 

.0130 

- 

233 

JnneSO 

Jnly   1| 

BUght. 

Slight. 

0.20 

4.70 

0.85 

8.85 

.0027 

.0103 

.43 

.0130 

- 

4«3 

Ang.  1 

Ang.  2 

VerysUght. 

None. 

0.30 

4.92 

1.46 

8.47 

.0012 

.0147 

.39 

.0070 

- 

670 

Ang.Sl 

Sept.  1 

VeryaUfl^t. 

None. 

0.15 

6.02 

1.32 

3.70 

.0002 

.0184 

f^ 

.0070 

- 

872 

Oct.    a 

Oet.    4 

Very  alight. 

None. 

0.10 

6.10 

1.10 

4.00 

.0005 

.0190 

.47 

.0070 

- 

1081 

Oct.  31 

Not.   1 

VerysUght. 

Consldera. 
ble. 

0.20 

6.25 

1.00 

4.25 

.0024 

.0206 

.49 

.0100 

- 

1202   Nov.80 



Deo.    1 

BUght. 

Considera- 
ble. 

0.20 

6.30 

1.60 

3.80 

.0083 

.0220 

.42 

.0100 

- 
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Chemical  Examination  of  Water  from  Lake  Coekituate — Condnded. 


I>AT«  OF 

AlTBAmAllCB. 

Rbsidub  o«       1 

EVAPOBATIOV. 

Ammovia. 

i 

irrrBOGBS 

1 

1 

1^ 

h 

1 

5 

I 

4 

1 
1 

1 

< 

1 

• 

IS 

m. 

1523 

Jan.    2 

Jan.    3 

Slight. 

Sli*t,  greeiK 

0.20 

4.95 

1.25 

8.70 

.0015 

.0197' 

.40 

.0090 

.0001 

1729 

Feb.    1 

Feb.    2 

Slight. 

Slight. 

0.15 

6.40 

1.25 

4.15 

.0041 

.0186, 

.42 

.0200 

.0000 

1937 

Mar.   1 

Mar.    2 

Slight. 

Very  Blight 

0.30 

6.45 

1.20 

4.25 

.0049 

.0200 

.48 

.0180 

.0001 

2145 

Apr.  2 

Apr.   3 

Slight. 

Sll*t,  white. 

0.20 

6.05 

1.10 

3.95 

.0016 

.0197 

.43 

.0180 

.0001 

2380 

May    1 

&ray    2 

Decided. 

Consid*bIe. 

0.30 

4.80 

1.35 

8.45 

.0010 

.0256 

.40 

.0120 

.0003 

2656 

Jaoe  6 

Jaoe  7 

Slight. 

Slight, 
white. 

0.35 

4.78 

1.18 

8.60 

.0030 

.0254 
.0176 

.40 

.0200 

.0004 

2716 

July    6 

July    6 

DUtinct. 

Very  Blight. 

0.10 

3.0S 

1.00 

2.05 

.0034 

.023L> 
.0192 

.42 

.0180 

.0001 

2872 

Aug.  1 

Aag.  3 

Verysllghi. 

Slight. 

0.10 

5.20 

1.25 

3.95 

.0008 

.0234 
.0199 

.44 

.0020 

.0003 

8061 

Sept.  4 

Sept.  5 

Very  alight. 

Very  Blight, 
white. 

0.05 

4.90 

1.05 

3.85 

.0012 

.0230 
.0186 

.41 

.0000 

.0001 

8297 

Oct.     1 

Oct.     2 

Slight. 

SIlKht, 
white. 

0.05 

4.70 

1.25 

1 
3.46 1 

.0004 

.0200* 
.0166 

.42 

.0050 

.0002 

8481 

Oct.  31 

Nov.   1 

Slight. 

Slight. 

0.25 

4.90 

1.50 

3.40 

.0098 

.0200 
.0182 

.43 

.0120 

.0004 

8839 

Deo.   3 
18 

Deo.    4 
89. 

Very  alight. 

Very  Blight. 

0.20 

9.60 

1.55 

4.05 

.0074 

.0212 
.0182 

.46 

.0180 

.0007 

8809 

JaD.    1 

Jao.    2 

Very  Blight. 

Slight. 

0.60 

5.40 

1.60 

3.80 

.0042 

.0208 
.0178 

.46 

.0250 

.0006 

8063 

Feb.    4 

Feb.    6 

«'iSKv. 

Slight. 

0.45 

9.85 

2.00 

8.85 

.0050 

.0212 
.0178 

.44 

.0250 

.0003 

4206 

liar.  4 

Mar.   6 

Slight. 

Con.,  light 
green. 

0.60 

5.10 

1.70 

8.40 

.0002 

.0210 
.0182 

.48 

.0800 

.0002 

4449 

Apr.   1 

Apr.  2 

Very  alight. 

Con.,  light 
green. 

0.36 

u.» 

1.60 

8.46 

.0012 

.0218 
.0172 

.46 

.0300 

.0002 

4604 

May    1 

May    2 

Very  alight. 

Slight. 

0.45 

4.50 

1 
6.09 

1.20 
1.22 

3.80 
3.87 

.0014 

.0026 

1 

.0212 
.0184 

.0207 

.46 
.44 

.0250 
.0148 

.0003 

At. 

1 

0.26 

.0003 

HnrdneBB  in  May,  1888, 1.8.    Odor,  generally  faintly  vegetable. The  aamplea  were  collected  In 

the  gate-houae.    For  monthly  record  of  heighu  of  water  In  thta  lake.  Bee  page  62. 

Microscopical  Examination, 


1888. 

1889. 

Jane. 

July. 

Aug. 

Sept.  Oct 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blae-green  Alg8B 

0.4 

0.1 

0.1 

0.1 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

2.  Other  Alg* 

8.9 

0.4 

4.4 

2.6 

2.0 

10.7 

7.6 

16.1 

17.2 

28.9 

18.1 

52.4 

3.  Fnngl, 

0.0 

pr. 

0.0 

0.0 

pr. 

0.0 

0.4 

0.1 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forma,      .... 

pr. 

pr. 

pr. 

pr. 

0.2 

0.2 

pr. 

0.2 

0.9 

1.0 

1.9 

2.1 

GrouDB  and  principal  genera  of  organlBraa  observed :  1.  Cyanophyccw.  2.  Falmellnces,  CKloro- 
eoeeu9j  ZooBoorew,  Svnedra;  DeamldiaceaB;  Dlatoroaoea»,  AtterionfOa,  IfetoHm,  Stephanodi9CH9, 
Synedra,  Tabeliaria.  3.  Schizomycetes.  4.  Protozoa,  Dinobryon;  Sponglaria;  Rotlfera;  Entomoatimca! 
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CocHiTUATE  Works.  —  Chemical  Examination  of  Water  from  Chestnut  Bill 
Distributing  Reservoir. 

[Parte  p«r  100,000.] 


Date  of 

Appbaramcs. 

Kbsiddk  on 
evapouatiox. 

AXMOKIA. 

« 

NlTBOOKM 
AS 

1 

I 
Si 

i 

i| 

f' 

«i 

1 

1 

4 

1 

1 

< 

1 

1 

»'». 

80 

June  8 

June 

Very  slight. 

Very  slight. 

0.20 

6.27 

1.97 

3.30 

.0052 

.0170 

.37 

.0320 

- 

241 

Jaly    1 

July 

Slight. 

None. 

0.55 

5.57 

1.27 

4.30 

.0019 

.0902 

.41 

.0330 

- 

449 

Aug.  1 

Aug. 

Very  slight. 

Slight. 

0.40 

4.72 

0.90 

3.82 

.0027 

.0169 

.36 

.0090 

- 

666 

Sept.  1 

Sept. 

SUght. 

Slight. 

0.40 

4.92 

1.25 

3.67 

.0010 

.0221 

.40 

.0070 

- 

881 

Oct.    4 

Oct. 

Very  slight. 

Slight. 

0.40 

6.07 

1.42 

3.65 

.0030 

.0239 

.45 

.0100 

- 

1088 

Not.   2 

Nov. 

Slight. 

C!onaid*ble. 

0.40 

6.05 

1.50 

3.55 

.0002 

.0300^ 

.42 

.0050 

. 

1306 

Dec.   2 
18 

Dec. 

88. 

Distinct. 

Slight. 

0.80 

4.80 

1.46 

8.35 

.0004 

.0347 

1 

.35 

.0040 

- 

1511 

Jan.    2 

Jan. 

Very  slight. 

Slight. 

0.70 

6.10 

1.45 

3.65 

.0018 

.0278 

.38 

.0080 

.0000 

ITOO 

Feb.    1 

Feb. 

Very  Blight. 

VerysUght. 

0.70 

6.30 

1.80 

8.50 

1 

.0030 

.0226 

.85 

.0180 

.0000 

1924 

Mar.   1 

Mar. 

Very  slight. 

Slight, 
white. 

0.50 

6.50 

1.60 

3.90 

.0050 

1 
.0260 

.48 

.0250 

.0001 

2182 

Apr.    2 

Apr. 

Distinct. 

Slight, 
white. 

0.85 

4.85 

1.25 

3.60 

.0016 

.0212 

.42 

.0230 

.0003 

2345 

May    2 

May 

Slight. 

Con.,  green. 

0.30 

4.85 

1.25 

3.60 

.0004 

.0244 

.41 

.0250 '.0004 

2824 

Jane  10 

June  10 

Very  slight. 

Slight, 
white. 

0.40 

4.55 

1.15 

8.40 

.0038 

.0196 
.0162 

.43 

.0250 

.0001 

2742 

July    0 

July 

9 

DisUnct. 

Very  slight. 

0.40 

4.55 

1.25 

8.80 

.0002 

.0226 
.0188 

.41 

.0150 

.0003 

2884 

Ang.  3 

Aug. 

4 

SUgfat. 

Slight, 
green. 

0.20 

4.90 

1.20 

3.70 

.0002 

.0204 
.0160 

.40 

.0090 

.0003 

30T2 

Sept.  6 

Sept. 

6 

Slight. 

VerysUght. 

0.30 

4.60 

1.85 

8.25 

.0014 

.0226 
.0190 

.87 

.0150 

.0003 

3803 

Oct.    2 

Oct. 

2 

Slight. 

Slight, 
green. 

0.20 

4.60 

1.35 

8.25 

.0044 

.0208 
.0162 

.35 

.0120 

.0003 

3401 

Not.   1 

Not. 

2 

Very  slight. 

VerysUght. 

O.SO 

5.05 

1.65 

8.40 

.0000 

.0190 
.0196 

.40 

.0200 

.0002 

3510 

Dee.    4 
IS 

Deo. 
89. 

5 

Very  slight. 

VerysUght. 

0.25 

5.10 

1.50 

3.60 

.0028 

.0222 
.0198 

.45 

.0850 

.0004 

3816 

Jan.    2 

Jan. 

2 

Very  slight. 

VerysUght. 

0.45 

4.55 

0.75 

8.80 

.0006 

.0182 
.0162 

.43 

.0380 

.0008 

3070 

Feb.    h 

Feb. 

5 

Very  slight. 

VerysUght. 

0.40 

5.25 

1.65 

3.60 

.0006 

.0216 
.0220 

.44 

.0400 

.0003 

4222 

Mar.    6 

Mar. 

6 

Very  slight. 

VerysUght. 

0.80 

4.25 

1.85 

2.90 

.0020 

.0186 
.0140 j 

.40 

.0280 

.0008 

4463 

Apr.    2 

Apr. 

3 

Very  slight. 

SUght. 

0.45 

4.55 

1.80 

2.75 

.0016 

.019^; 
.0170 

.40 

.0300 

.0001 

4612 

May    3 

May 

3 

Slight. 

VerysUght. 

0.35 

4.50 
6.08 

1.80 
1.43 

1 
8.20 

3.65 

.0000 

.0164 
.0142 

.41 
.40 

.0250 
.0200 

.0008 

At. 

0.38 

1 

.0019 

.0222' 

1 

.0002 

Hardneaa  in  May.  1888, 2.1.    Odor,  generaUy  vegetable,  seldom  dlBagreeable. The  samples  were 

coUected  from  the  effluent  gate-house. 
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WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


Mieroaeopical  Examination. 


IMS. 

1889. 

June.  July  1  Aog. 

Sept 

Oct. 

Not. 

Dec. 

Jan. '  Feb. 

Mar. 

Apr. 

Maj. 

1.  Bine-green  AIg»,  .... 

0.0     0.1 

pr. 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 1    0.0 

2   Other  Algao 

8.6 

4.2 

2.6 

0.7 

0.3 

6.6 

2.6 

10.1 

0.2 

6.2 

2.2    13.2 

3.  FuDgl 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.4 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,      .... 

pr. 

0.2 

pr. 

0.1 

pr. 

0.1 

0.0 

pr. 

0.0 

0.0 

0.6 

0.2 

Oroaps  and  principal  genera  of  organisms  observed :  1.  Cyanophyce8B«  2.  Palmellacee,  C^loro- 
coccus;  Zoo^poresB;  Desmldiaceaa ;  Diatomaceaa,  Attfrionefta,  Meloiirat  Stephanoditcus,  Sj/nfdra, 
Tabellaria;  Zygnemaoen.  8.  Schlzomycetes.  4.  Protozoa;  Bpongiaria;  Hydrozoa;  Annelida;  Rotif- 
era;  Bryozoa;  Entomostraoa. 


CocHiTUATB  Works. —  Chemical  Examination  of  Water  from  Brookline 
DistribiUing  Reservoir, 

[Parts  per  100,000] 


Datk  or 

Appkabanck. 

Rksidub  Olf 

EVAPORATIOIV. 

AmONIA. 

.42 

NrrROGBH 

AJS 

•/; 

1 

|l 

f 

1 

1 

I 

§1 
1-^ 

1 

1 

|l 

j 

i 
i 

87 

18 

Jane  3 

87. 
June  4 

Very^ight. 

Veryslight. 

0.30 

6.00 

2.15 

2.85 

.0041 

.0171 

'.0190 

. 

240 

July    1 

July    1 

Slight. 

None. 

0.60 

6.20 

1.15 

4.05 

.0025 

.0242 

.37, 

- 

- 

450 

Aug.  1 

Aug.  1 

Very  slight. 

None. 

0.40 

4.95 

0.90 

4.05 

.0034 

.0166 

.38' 

1 

.0120 

- 

667 

Sept.  1 

Sept.  l' 

Slight. 

Slight. 

0.80 

4.72 

1.22 

3.50 

.0023 

.0188 

.40 ' 

.0070 

- 

880 

Oct.     4 

Oct.    4 

Slight. 

Slight. 

0.45 

6.20 

1.37 

3.83 

.0025 

.0263 

•""I 

.0110 

- 

1087 

Nov.   2 

Nov.   2 

Slight. 

T^. 

0.40 

4.80 

1.35 

3.45 

.0002 

.0293 

.41 

.0050 

- 

1307 

Dec.    2 

Doc.    2 

Distinct. 

Slight. 

0.30 

5.40 

1.65 

3.75 

.0006 

.0255 

.39 

.0080 

- 

1510 

18 

Jan.    2 

88. 
Jan.    3 

Slight. 

Slight, 
white. 

0.80 

5.25 

1.40 

3.85 

.0018 

.0257 

.41 

.0090 

.ooou 

1710 

Feb.    1 

Feb.    1 

VerysUght. 

Veryslight. 

0.90 

6.55 

1.05 

8.60 

.0031 

.0216 

.87 

.0230 

.0000 

1025 

Mar.    1 

Mar.   1 

Very  slight 

Slight. 

0.50 

6.80 

1.75 

4.05 

.0065 

.0225 

.49 

.0300 

.0001 

2131 

Apr.   2 

Apr.    2 

Distinct. 

Slight, 
while. 

0.80 

4.80 

0.95 

3.85 

.0008 

.0229 

.40 

.0300 

.0003 

2344 

May    2 

May    2 

Distinct. 

Slight, 
green. 

0.30 

4.65 

1.50 

3.15 

.0012 

.0224 

.41 

.0200 

.0003 

2623 

June  19 

Jane  10 

Veryslight. 

«r.{i. 

0.45 

4.05 

1.46 

S.50 

.0048 

.0188 
.0156 

.43 

.0250 

.0001 

2744 

July    9 

July    9 

Slight. 

Slight. 

0.60 

4.60 

1.70 

8.10 

.0010 

.0240 
.0184 

.39 

.0100 

.0002 

2885 

Aug.  3 

Aug.  4 

Slight. 

Slight, 
green. 

0.30 

5.00 

1.25 

8.75 

.0026 

.0218 

.ono 

.42 

1 
i 

.0070 

.0002 

8071 

Sept.  5 

Sept.  6 

1 

Slight. 

Slight. 

0.40, 

4.50 

1.40 

8.10 

.0010 

.0246 
.0190 

.35* 

1 

.0100 

.0002 
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33U 
3490 
8650 
8815 
8069 
42S 
4461 
4613 

Av. 


Bats  or 


IS 

Oct.    2 


Nov.   1 


Dee.   4 


1» 

Jao.    2 


Feb.  5 
Mar.  6 
Apr.  2 
Msj    8 


Oct.  2 
Nov.  2 
Doe.  8 
Jan.  2 
Feb.  6 
Mar.  6 
Apr.  8 
May    3 


Apfkajukcs. 


Slight. 
DiatiDct. 
Slight. 
Very  alight 
Very  slight, 
VerytUght. 
Verysllght. 
Slight. 


Slight, 
green. 

Slight. 

Verysllght. 

Slight. 

Slight. 

Slight. 

Blight, 
green. 

Slight, 
white. 


0.25 
0.40 
O.SO 
0.50 
0.40 
0.35 
0.45 
0.40 


0.43 


Rbsiduk  om 
evatoratiox. 


4.80 

5.25 
5.60 
4.85 
4.46 
4.56 
4.66 
4.60 


6.11 


P 


1.40 
1.55 
1.75 
0.80 
0.70 
1.40 
1.50 
1.85 


1.45 


8.40 
3.70 
8.85 
8.55 
8.75 
8.15 
3.15 
3.25 


3.06 


=1 


.0002 


.0010 


,0006 


.0000 


.0002 


,0024 


.0002 


.0018 


.0254 
.0196 

.0280 
.0190 

.0208 
.0178 

.0186 
.0184 

.0182 
.0162 

0168 
.0136 

.0202 
.0168 

.0178 
.0146 


.41 


0150 
0280 
0350 
0300 
0880 
0310 
0200 


0107 


.0008 
,0002 
.0004 
.0000 
0004 
.0003 
.0002 
0003 


.0002 


Hardnesa  in  May,  1888, 2.1.    Odor,  generally  vegetable,  seldom  disagreiable. The  samplea  were 

eoUected  from  the  effluent  gate-house. 


Microscopical  Examination, 


18SS. 

19S9. 

Jane. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

Jan 

Feb 

Mar.JApr.JMsy 

1.  Bine-green  Algse,  .... 

pr. 

0.1 

pr. 

0.3 

pr. 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0,   0.0 

2.  Other  Algas, 

10.8 

17.0 

8.3 

7.1 

7.9 

22.3 

6.6 

5.4 

0.5 

8.4 

21.3  23  2 

S.  Fungi 

0.0 

0.0 

0.0 

pr. 

0.0 

pr. 

0.1 

pr. 

0.0 

pr. 

0  0     0.0 

1 

4.  Animal  Forma,       .... 

pr. 

0.2 

0.0 

0.5 

pr. 

0.1 

0.0 

0.1 

pr. 

5.0 

04     43 

Oroapa  and  principal  genera  of  organisms  observed :  1.  Cyanophyoes.  2.  PalmellacesB,  ChlorO' 
eocau;  Zooaporess,  RapMtliumt  Siaurogenia :  Desmidlace»;  Diatomace8»,  AHertonella,  Jfelo«irat 
Stfphanodiicua,  JSynedra,  TabtllarUi,  3.  Schizomycetes.  4.  Protozoa,  Dinobryon;  Spongiaria; 
Rofilfera;  Entomoatnca. 
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WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


CocHTTUATE  WORKS.  —  Chemical  Examination  of  Water  from  Fisher  Hill 
LislrilnUiitg  Reservoir. 

[Part<  per  100.000.] 


Date  of 

APPKA1U.KCK. 

Rksidus  ok 
Evaporation. 

Ammoxia. 

i 

NlTROGKSI 
A8 

s 

i 

|l 

H 

H 

1 

1 

i 

§1 

1 

1 

1^ 

< 

1 

s 

9. 

i 
1 

2622 

IS 

June  19 

SS. 

Jane  19 

Very  alight. 

Slight. 

0.20 

4.30 

1.20 

3.60 

.0018 

.0226 
.0156 

.44 

.0200 

.0002 

2743   July    9 

1 

July 

9 

Slight. 

Slight. 

0.40 

4.70 

1.75 

2.95 

.0000 

.0232 
.0188, 

.80 

.0150 

.0008 

2883    Aug.   3 

1 

Aug. 

4 

Slight. 

Slight. 

0.20 

5.05 

1.50 

3.55 

.0012 

.0238! 
.0192 

.41 

.0070 

.0008 

3073   Sept.  6 

1 

Sept. 

6 

Slight. 

1 

Slight, 
green. 

0.26 

4.70 

1.40 

3.80 

.0002 

.0226 
.0216 

.36 

.0070 

1 

.0002 

8302    Oct.     2 

1 

Oct. 

2    Slight. 

i 

Slight, 
green. 

0.20 

4.55 

1.15 

3.40 

.0008 

.0228 
.0214 

.36 

'.0100 

.0001 

8492   Nov.    1 

Nov. 

2 

Very  Blight. 

Very  Blight. 

0.20 

5.15 

1.10 

4.05 

.0000 

.0228 
.0194 

.43 

.0250 

.0002 

3&48 
3814 

Dec.    4 
Jan.    2 

Dec. 

89. 

Jan. 

5 
2 

Very  Blight. 
Very  Blight. 

Very  Blight. 
VeryaUght. 

0.26 
0.45 

5.20 
4.70 

1.75 
0.46 

3.45 
4.25 

.0018 
.0020 

.0194 
.0194 

.0222 
.0196 

.45 
.45 

'.0400 
.0430 

.0003 
.0000 

3971 

Fob.    6 

Feb. 

5 

Very  Blight. 

Slight. 

0.35 

4.90 

1.25 

3.65 

.0002 

.0208 
.0170 

.42 

.0260 

.0004 

4224 

Mar.    b 

Mar. 

6 

Very  Blight. 

Very  Blight. 

0.30 

4.65 

1.40 

3.25 

.0002 

.0182 
.0168 

.43 

.0210 

.0002 

4462 

Apr.   2 

Apr. 

8 

Very  Blight. 

Very  Blight, 
green. 

0.40 

4.60 

1.55 

3.05 

.0014 

.0198 
.0168 

.39 

.0400 

1 

.0001 

4614 

May    3 

May 

3 

Slight. 

Slight, 
white. 

0.60 

4.60 

1.35 

3.25 

.0004 

.0182 
.0170 

.41 
.41 

.0260 

1 
1 

.0226 

.0002 

Av. 

0.81 

4.80 

1.32 

3.46 

.0008 

.0214 
.0188 

.0002 

Odor  very  faintly  vegetable. The  Bamples  were  collected  from  the  reservoir. 


Microscopical  Examination. 


ISHS.                            1 

1889. 

June. 

July.'  Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

1 
Mar.'  Apr, 

^. 

1.  Blue-green  Algio.  .... 

0.3 

pr. 

pr. 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algse, 

21.4 

20.8 

2.4 

1.3 

0.6 

2.4 

7.0 

9.7 

0.7 

82.0 

64.7 

10.8 

3.  Fungi. 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

pr. 

0.1 

pr. 

0.0 

0.0 

0.0 

4.  Animal  ForniH.       .... 

pr. 

0.3 

0.0 

0.1 

pr. 

pr. 

0.2 

0.1 

0.0 

2.0 

1.9 

0.8 

Q  roups  and  principal  gonera  of  organlams  obBerved :  1.  Oyanophyceie.  2.  Palmellaoese,  Chlaro- 
coccuf*:  Zoosporem;  Dc>eraldiace» ;  Diatomacca;,  AHterionella,  Melonira^  Stephanoditcits,  Sgnedrat 
Tabellaria.    3.  SchizomyceteB.    4.  Protozoa.  Dinobryon;  Rotifera;  Eutomoetraca. 
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COCHTTUATE  WOBKS. 


-  Chemical  Examination  of  Water  from  Parker  Hill 
Distributing  Reservoir. 

[Part*  per  100,000.] 


Datb  ov 

Appkabamob. 

Kksiduk  on 
EvAPOOATioir. 

1 

NiTBOOKH 
AS 

y. 

i 

i 

f 

1 

1 

1 

i 

1 

1 

1' 

1 

% 

1             1 

18  87. 

85   Jane  3^ Jane  4 

Slight. 

Slight. 

0.20 

4.87 

2.20 

1 
2.67 

.0020 

.0167 

.0190 

^ 

2U 

Jaly    1 

Jaly    2 

Very  alight. 

Consldera. 
ble. 

0.50 

4.97 

1.55 

3.42 

.0009 

.0248 

.37 

.0260 

- 

465 

Aug.  1 

Aag.  2 

Very  slight. 

Very  slight. 

0.40 

5.05 

1.75 

3.30I 

.0010 

.0180 

.35 

.0120 

- 

872   Sept.  1 

Sept.  1 

SUght. 

Slight. 

0.25 

4.97 

1.50 

3.47 

.0003 

.0217 

.40 

.0070 

- 

882' Oct.     4 

Oct.     6 

Very  Blight. 

Very  slight. 

0.35 

5.30 

1.30 

4.00 

.0000 

.0276 

.45 

.0070 

- 

1161 

Nov.  12 

Nov.  12 

Slight. 

Slight. 

0.30 

5.05 

1.70 

8.85 

.0000 

.0271 

.41 1 

.0040 

- 

1308 

Dee.    2 

Dec.    8 

Distinct. 

Consldera. 
bie. 

Slight, 
white. 

0.40 

5.40 

].55 

8.85 

.0004 

.0247 

.36' 

.0040 

- 

1525 

18 

Jan.    2 

88. 
Jan.    3 

Slight. 

0.30 

3.95 

0.85 

8.10 

.0016 

.0232 

.88 

.0070 

.0001 

1730 

Feb.    1 

Feb.    1 

'  Slight. 

Slight. 

0.50 

6.15 

2.20 

3.95 

.0046 

.0294 

.46 

.0090 

.0000 

1919 

Mar.    1 

Mar.    1 

Slight. 

Slight, 
white. 

0.10 

8.15 

0.65 

2.50 

.0058 

.0165 

.80 

.0070 

.0001 

2129 

Apr.   2 

Apr.   2 

'slight. 

Very  slight. 

0.80 

4.45 

1.20 

3.25 

.0029 

.0263 

.88 

.0080 

.0002 

2342 

May    2|Mtty    2 

Slight. 

Slight. 

0.20 

4.75 

1.20 

8.55 

.0000 

.0266 

.89 

.0010 

.0002 

2631 

Jane  18 

Jane  30 

VerysUght. 

Slight, 
white. 

0.10 

4.55 

1.10 

8.46 

.0010 

.0210 
.0154 

.44 

.0020 

.0001 

2878 

Aag.  2 

Aag.  8 

Distinct. 

Slight. 

0.30 

•5.15 
4.84 

1.45 
1.47 

8.70 

.0028 

.0216 
.0196 

.40 
.39 

.0090 
.0087 

.0002 

\\ 

0.30 

8.87 

.0017 

.0232 

.0001 

Hardorss  in  May,  1888,  1.9;  in  June,  1889,  1.9.    Odor,  generally  vegetable,  seldom  disagreeable. 

The  sainplee  were  collected  from  the  reservoir  at  the  gate-house.    No  water  was  nm  into  or  drawn 

from  the  reservoir  between  Dec.  3, 1887,  and  July  2, 1888. 


Microscopical  Examination. 


1.  Blue-green  Algaa, 

2.  Other  AigSB, 
8.  Fnngl, 

4.  Animal  Forme, . 


1888. 


April. 


0.0 
pr. 
0.0 
pr. 


May. 


0.0 
pr. 
0.0 
pr. 


June. 


pr. 
0.9 
0.0 
0.0 


August. 


pr. 
8.1 
pr. 
0.1 


a  roups  and  principal  genera  of  organisms  observed:    1.  Cyanophycece.    2.  Palmellaceaa,  CMorO' 
coccwt;  Zoospores;  DeemldiacesD;  Diaiomacen.    8.  Schizomyoetes.    4.  Protozoa;  Entomostraca. 
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WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


CocHiTUATE  Works.  —  Chemical  Examination  of  Water  from  a  Faucet  of  the 
Massachusetts  Institute  of  Technology, 

[Parte  per  100,0000 


Date  or 

Affkasaiigb. 

Rbsidub  ok 

EVAPOBAnOW. 

AMMOKIA. 

i 

1 

6 

.85 

NITBOQSK 
•    AB 

^ 

j 

4 

f 

^4 

1 

1 

ii 

1 

i 

< 

s 

1 

466 

Aug.  2 

87. 

Aug. 

2 

Veryelight. 

Slight. 

0.50 

5.00 

1.75 

3.25 

.0000 

.0172 

.0120 

- 

671    Sept.  1 

Sept. 

Slight. 

Very  slight. 

0.80 

4.90 

1.82 

8.58 

.0004 

.0185 

.48 

.0130 

- 

876   Oct.     4 

Oct. 

Very  Blight. 

Slight. 

0.25 

5.02 

1.22 

8.80 

.0000 

.0231 

.43 

.0100 

- 

1083  Nov.    1 

Nov. 

Slight. 

Slight. 

0.35 

4.77 

1.47 

3.80 

.0004 

.0852 

.48 

.0050 

- 

1297.  Deo.    1 

Dec. 

Distinct. 

Slight, 
white. 

Slight, 
white. 

0.85 

4.75 

1.10 

8.65 

.0003 

.0284 

.87 

.0070 

- 

'           18 

1526   JaD.    3 

88. 

Jan. 

DlsUncfc. 

0.50 

5.00 

1.60 

.3.50 

'.0018 

.0270 

.38 

.0080 

.0000 

1721    Feb.    2 

1 

Feb. 

Very  slight. 

Very  slight. 

0.70 

5.80 

1.95 

8.35 

.0031 

.0223 

.39 

.0250 

.0000 

1021    Mar.    1 

1 

Mar. 

Very  slight. 

Slight, 
earthy. 

0.70 

5.55 

1.70 

3.85 

.0039 

.0209 

.49 

.0250 

.0002 

2130   Apr.   2  Apr. 

2 

Slight. 

None. 

0.30 

4.00 

1.20 

8.70 

.0014 

1 

.0212 

.40 

.0250 

.0002 

2341    MHy    2 1  May 

2 

Slight. 

Very  slight. 

0.30 

4.60 

1.60 

3.10 

.0012 

.0218 

.39 

.0180 

.0004 

2647   June  22 

Jane  22 

Very  slight. 

Slight. 

0.80 

4.80 

1.80 

8.88 

.0004 

.0194 
.0164 

.40 

.0180 

.0001 

2768 

July  13 

July 

13 

Distinct. 

Slight, 
rusty. 

0.45 

4.85 

1.80 

8.05 

.0020 

1 

.0248 
.0218 

.89 

.0160 

.0002 

2862 

Aug.  2 

Aug. 

2 

Distinct. 

Slight, 

brown. 

• 

0.40 

4.90 

1.19 

8.79 

.0002 

.0240 
.0214 

.42 

.0180 

.0008 

8056 

Sept.  5  Sept. 

5 

Slight. 

Slight. 

0.20 

4.60 

1.35 

8.<5 

.0000 

.0180 
.0180 

.36 

.0070 

.0001 

8288 

Oct.     2  Oct. 

2 

Slight. 

Slight. 

0.20 

4.80 

1.50 

8.10 

.0004 

.0234 
.0194 

.85 

.0100 

.0002 

8484 

Nov.   1  j  Nov. 

1 

Very  slight. 

Very  slight. 

0.30 

5.15 

1.65 

8.50 

.0182 
.0162. 

.42 

.0200 

.0001 

8642 
8812 

Dec.    4  Deo. 

18  S9. 

Jan.    21  Jan. 

4 

2 

Very  slight. 
Slight. 

Very  slight. 
Very  slight. 

0.25 
0.40 

5.» 
4.80 

1.70 
1.55 

8.55 
8.25 

.0000 
.0006 

.0172 
.0186 

.0172 
.0162 

.44 

.42 

.0300 
.0350 

.0004 
.0005 

8865 

Feb.    5  Feb. 

5 

Very  slight. 

Very  Blight. 

0.85 

4.90  0.90 

4.00 

,.0aM,.0184 
|.0152 

.41 

.0500 

.0002 

4211 

Mar.    5 

Mar. 

5 

Very  slight. 

Very  slight. 

0.45 

4.70  1.75 

2.95 

.0004 

.0176 
.0156 

.44 

.0500 

.0003 

4459 

Apr.   3 

Apr. 

8 

Very  slight. 

Very  alight. 

0.45 

4.55  1.45 

8.10 

.0010 

.0160 
.0150 

.38 

.0280 

.0002 

4611 

May    8 

May 

3 

Slight. 

Slight. 

0.40 
0.88 

4.60 
4.98 

1.50 
1.47 

8.10 
8.51 

.0006 

.0174 
.0154 

.41 

.0250 

.0003 

At 

.0008 

.0207 

.41 

.0206 

.0002 

1 

Hardness  in  May,  1888, 1.9.    Odor,  generally  vegetable,  seldom  disagreeable. 
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Microseopieal  Examination. 


1888. 

1888. 

Jonc. 

July. 

Ang. 

Sept. 

Oct 

Nov. 

Dec. 

Un. 

Feb. 

Mar. 

Apr. 

May. 

1.    Bine-green  A]g», 

0.1 

pr. 

0.2 

0.1 

0.8 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.    OtherAlge,        .... 

25.9 

8.2 

8.6 

0.6 

4.4 

0.3 

6.2 

6.2 

9.0 

3.6 

12.5 

18.6 

S.   Fangi, 

0.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.8 

0.0 

0.0 

0.0 

0.0 

pr. 

4.    Antmal  Forms,    .... 

1.4 

0.1 

0.2 

0.1 

0.3 

11.2 

0.1 

pr. 

0.0 

0.2 

0.7 

0.6 

Groups  9Dd  principal  genera  of  organisms  observed  :  1.  Cyanophyces.  2.  Palmellaces,  Chloro- 
cocctu;  Zoosporese;  VeBtD\dlakcemiD\siiomsieeto,AsterioneUa,Meio»ira,Stephdnodi8CU9,  Synedra, 
Tabeiiaria.    8.  Bchizomycetes.    4.  Protozoa,  JHnobryon,  l/ydromorum  ;  Bpongiaria. 

Mystic  Supply.—  Chemical  ExamincUion  of  Waler  from  Mystic  Lake, 

[Parts  per  100,000.] 


DATS  or 

Appkasamcb. 

RSSIDUB  OH 
BVAPORATIOM. 

Ammowia. 

j 

NITBOOKV 
AS 

1 

1 

t' 

1 

1 

1 

1 

ll 

1 

1 

A 

j 

S 

27 

18 

June   2 

87. 

June   3 

Slight. 

Slight. 

0.60 

10.40 

3.00 

7.40 

.0232 

.0275 

1.59 

.0260 

« 

242 

July    1 

July    1 

Slight. 

Slight. 

0.85 

10.95 

1.75 

9.20 

.0083 

.0316 

1.86 

.0130 

- 

451 

Ang.  1 

Aug.  2 

Distinct. 

Slight. 

0.80 

10.40 

1.10 

9.30 

.0004 

.0259 

1.80 

.0160 

- 

078 

Sept.  1 

Sept.  8 

Slight. 

Slight. 

0.20 

11.80 

0.90 

10.40 

.0035 

.0312 

2.32 

.0130 

- 

884 

Oct.    4 

Oct.     5 

Very  slight. 

Slight. 

0.80 

10.82 

1.62 

9.20 

.0009 

.0273 

2.28 

.0260 

- 

1097 

Nov.   2 

Nov.   8 

Slight. 

Slight. 

0.20 

10.90 

1.15 

9.75 

.0066 

.0222 

2.26 

.0400 

1317 

Dee.   2 

Dec.    8 

Slight. 

Consldera. 
ble. 

Consldera- 
ble,whlte. 

0.10 

11.00 

1.80 

9.20 

.0370 

.0205 

2.19 

.0600 

- 

1539 

18 

Jan.    3 

88. 
Jan.    8 

Slight. 

0.20 

11.95 

1.70 

10.26 

.0640 

.0254 

2.32 

.0460 

.0018 

1025 

Jan.  18 

Jan.  10 

Distinct. 

Slight. 

0.20 

11.70 

1.70 

10.00 

.0573 

.0227 

2.80 

.0500 

- 

1780 

Feb.    1 

Feb.    2 

Slight. 

Slight. 

0.15 

12.70 

2.10 

10.60 

.0664 

.0263 

2.41 

.0800 

.0025 

1922 

Mar.    1 

Mar.   1 

Decided. 

Very  slight. 

0.40 

8.00 

1.60 

6.40 

.0547 

.0296 

1.36 

.0400 

.0008 

2133 

Apr.  2 

Apr.   2 

Decided. 

Very  slight. 

0.30 

8.60 

1.50 

7.10 

•0332 

.0299 

1.39 

.0560 

.0006 

2347 

May    2 

May    8 

Dietinct. 

Slight. 

0.80 

9.85 

2.85 

7.50 

.0096 

.0288 

1.81 

.0600 

.0042 

2SS3 

Jane  12 

Jane  12 

Slight. 

Blight. 

0.20 

9.65 

1.30 

8.35 

.0120 

.0278 
.0292 

1.78 

.0460 

.0025 

2763 

July  11 

July  12 

Slight. 

Slight. 

0.10 

9.65 

2.20 

7.46 

.0080 

.0270 
.0244 

1.89 

.0450 

.0017 

2876 

Ang.  2 

Ang.  8 

Slight. 

SUght. 

0.15 

lO.iS 

1.20 

9.06 

.0000 

.0262 
.0212 

2.09 

.0170 

.0010 

8054 

Sept.  4 

Sept.  5 

Slight. 

Slight. 

0.10 

10.15 

1.35 

8.80 

.0042 

.0274 
.0192 

2.18 

.0090 

.0004 

8806 

Oct.    2 

Oct.    8 

Very  slight. 

Slight. 

0.10 

10.25 

1.40 

8.85 

.0066 

.0242 
.0198 

2.17 

.0260 

.0007 

8501 

Nov.   7 

Nov.  8 

Slight. 

SUght. 

0.80 

11.05 

2.30 

8.75 

.0144 

.0240 
.0214 

2.08 

.0400 

.0010 

8680 

1 

Nov.  80 

Dec    1 

Dedded. 

Considera- 
ble. 

0.25 

9.40 

2.15 

7.» 

.0274 

.0246 
.0220 

1.78 

.0560 

.0020 
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60  WATER  SUPPLY  AND  SEWERAGE.  [Dec. 

Chemical  Examination  of  Water  from  Mystic  Lake — Concluded. 


Date  of 

RBfllDUB  CM 
EVAPORATIOK. 

Ammomia. 

i 

I 

1.52 

NITBOGBX 
AS 

*A 

j 

|l 

f 

1 

1 

§1 

1 

i 

is 

s 

S 

8817 

18 

Jan.    2 

89. 

Jan.    3 

DUtinct. 

Consldora- 
ble,earthy 

0.36 

8.86 

1.60 

6.05 

.0360 

.0856 
.0(56 

.1250 

.0017 

8972 

Feb.    5 

Feb.    6 

Slight. 

Conaldera. 
ble. 

0.20 

8.95 

1.50 

7.40 

.0206 

.0210 
.0150 

1.40 

.1000 

.0015 

4218 

Mar.   6 

Mar.   6 

Slight. 

VeryaUgfat. 

0.15 

9.00 

{.05 

6.05 

.0482 

.0184 
.0188 

1.48 

.1100 

.0014 

4157 

Apr.   2 

Apr.  8 

Distinct. 

Slight. 

0.10 

0.80 

{.15 

7.15 

.0360 

.0262 
.0100 

1.44 

i 

.1000 

.0014 

4609 

May    2 

May    2 

DUtlnct. 

Con.,  light 
green. 

0.20 

0.00 

{.{0 
1.61 

6.60 
9.07 

.0154 

.0290 
.0264 

11.54 
1.89 

.0550 

.OOU 

i\v 

0.23 

10.68 

.0285 

.0406 

.0015 

Hardness  in  May,  1888,  3.4.    Odor,  generally  vegetable,  mouldy,  masty  and  disagreeable. The 

samples  were  collected  from  the  lake,  near  the  gate-hoase.    For  monthly  record  of  heights  of  water  In 
this  lake,  see  page  02. 

Microscopical  Examination, 


1888. 

1889. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.    Blue-green  Alg»,     . 

pr. 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.    Other  Alg8B 

7.8 

2.5 

4.8 

12.6 

0.4 

8.6 

1.2 

8.8 

1.0 

18.0 

174.6 

466.0 

«.    Fungi, 

0.3 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.^ 

0.0 

0.0 

0.0 

4.    Animal  Forms, 

0.1 

0.0 

9.3 

20.0 

0.4 

1.5 

pr. 

0.3 

pr. 

pr. 

0.2 

1.0 

Groups  and  principal  frenera  of  organismr  observed :  1.  Oyanophyces.  2.  PalmellacesB,  Chlonh- 
coccun;  ZoosporeaB,  Raphidium^  Scenedetmun ;  Desmldiaces;  Diatomacen,  Atterionellat  Melonira^ 
Sifnedra,  TaoeUaria,  3.  Schizomycetes.  4.  Protozoa,  Ptridiniumt  TrachtUmuma* ;  Rotifera;  Ento- 
mostraca. 

Mystic  Supply.  —  Chemical  Examination  of  Water  from  College  Hill  Distributing 

Reservoir, 

[Parts  per  100.000.] 


28 
243 
452 
677 
885 
1098 
1318 


Datk  of 


18 

June  2 

July  1 
Aug.  1 
Sept.  1 
Oct.  4 
Nov.  2 
Dec.    2 


&^ 


87. 

June  3 

July  1 

Aug.  2 

Sept.  8 

Oct.  5 

Nov.  8 

Dec.  8 


Appbasamob. 


I 


Decided. 

Slight. 

Slight. 

Slight. 

Very  slight. 

Slight. 

Very  slight 


Con.,  rnsty 

Slight. 

Very  slight. 

Slight. 

Slight. 

Slight. 

Considera- 
ble. 


0.50 
0.35 
0.20 
0.20 
0.32 
0.15 
0.10 


Rksiduk  on 
evaposation. 


10.52 
10.80 
9.00 
11.05 
10.97 
10.90 
11.10 


8.87 
1.75 
1.10 
1.00 
1.22 
1.80 
1.60 


7.15 
9.05 
8.80 
10.05 
9.75 
9.00 
9.50 


Ammonia. 


.0082 


.0017 


OOOi 
.0026 


,0268 
0234 
0295 
,02^15 
0264 
.0200 


1.64 
1.86 
1.88 
2.26 
2.34 
2.33 
2.70 


NlTBOOBN 

▲S 


.0910 
.0260 
.0830 
.0130 
.0850 
.0400 
.0500 
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1889.]  WATER  SUPPLY  AND   SEWERAGE.  61 

Chemical  Examination  of  Water  from  College  Bill  Distributing  Reservoir — Con. 


Date  or 

Appbarakcb. 

KinnuB  ox 

EVAPOBATIOX. 

Ammonia. 

i 

2.42 

NITROOKN 
AS 

1 

1 

!i 

f 

i 

I 

1 

§1 

i 

1 

ia 

^ 

^ 

isao 

18  88. 

JaD.    3  JuD. 

SUght. 

Con.,  white 

1 
0.20 

12.00 

1.80 

10.20 

.0511 

.0274 

.0500 

.0005 

1626 

Jan.  18 

Jan. 

19 

Distinct. 

SUght. 

0.20 

12.00 

1.80 

10.20 

.0477 

.0212 

2.36 

.0500 

- 

1731 

Feb.    1 

Feb. 

Distinct. 

SU't.,white. 

0.15 

12.25 

1.80 

10.45 

.0686 

1 

.0262 

2.42 

.0800 

.0015 

1923 

Mar.   1 

Mar. 

Distinct. 

Con  ..white. 

0.40 

8.80 

1.00 

6.00 

.0583 

.0257 

1.51 

.0450 

2134 

Apr.   2 

Apr. 

Decided. 

SU*t,  earthy 

0.25 

8.00 

1.80 

7.10 

.0344 

.0250 

1.44 

.0500 

.0008 

2362 

May    4 

May 

DlsUnet. 

SUght. 

0.40 

0.35 

1.85 

7.50 

.0032 

.0244 

1.77 

.0700 

.0025 

25M 

Jane  12 

Jane  12 

Blight. 

Considera- 
ble. 

0.20 

9.35 

1.35 

8.00 

.0040 

.0284 
.0220 

1.74 

.0500 

.0018 

2764 

Jaly  11 

Jaly  12 

DUUnet. 

SUght. 

0.20 

11.10 

2.00 

9.10 

.0032 

.0254 
.0206 

1.88 

.0400 

.0010 

2875 

Aag.  2 

Aag. 

3 

SUght. 

SUght, 
white. 

0.15 

9.85 

0.90 

8.95 

.0010 

.0214 
.0206 

2.02 

.0180 

.0007 

SOU 

Sept.  4 

Sept. 

5 

Very  slight. 

: 

«';«fiii. 

0.10 

10.10 

1.40 

8.70 

.0054 

.0224 
.0184; 

2.16 

.0120 

.0004 

3305 

Oct.    2 

Oct. 

3 

VerysUght. 

Considera- 
ble. 

0.05 

10.55 

1.55 

9.00 

.0024 

.0262 
.0200 

2.16 

.0200 

.0003 

S5Q2 

Nov.   7 

Nov. 

8 

SUght. 

Considera- 
ble. 

0.80 

10.85 

2.10 

8.85 

.0050 

.0248 
.0222 

2.10 

.0600 

.0015 

3627 
8818 

Not.  30 

18 

Jan.    2 

Dec. 

89. 

Jan. 

1 
3 

VerysUght. 
SUght. 

SUght. 
SUght. 

0.20 
0.35 

10.20 
9.10 

2.20 
1.70 

8.00 
7.40 

.0250 
.0290 

.0240 
.0192 

.0244 
.0202 

1.92 
1.51 

.0600 
.1150 

.0020 
.0015 

3973 

Feb.    5 

Feb. 

6 

Slight. 

SUght. 

0.20 

8.80 

1.75 

7.05 

.0300 

.0194 
.0164 

1.39 

.1100 

.0020 

4219 

Mar.   5 

Mar. 

6 

Slight. 

Considera- 
ble. 

0.15 

9.15 

2.10 

7.05 

.0456 

.0186 
.0118 

1.49 

.1000 

.0008 

4458 

Apr.    2 

Apr. 

3 

DiiUnot. 

Slight. 

0.10 

9.35 

2.00 

7.35 

.0464 

i 

.0184 
.0142 

1.47 

.0800 

.0017 

4610 

May    2 

May 

2 

distinct. 

Con.,  light 
green. 

0.20 

9.00 
10.67 

2.05 
1.58 

6.95 

.0036 

.0314 
.0190 

1.56 

.0800 

.0014 

At. 

i 

0.22 

9.00 

.0210 

.0216 

1.93 

.0547 

.0013 

Hardness  In  Jane.  1887, 3.8;  In  May,  1888,  3.4.    Odor,  generally  vegetable,  mouldy,  musty  and  dis- 
agreeable.   The  samples  were  oollecied  from  the  reservoir. 

Microscopical  Examination. 


1888. 

1889. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Bine-green  Algas,    . 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  OtherAlgsD 

12.3 

1.2 

0.3 

10.1 

1.3 

9.8 

5.7 

9.5 

0.2 

3.3 

190.0 

1221.7 

8.PaBgi 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms, 

1.0 

2.4 

0.0 

2.9 

1.0 

0.5 

0.0 

0.5 

pr. 

0.1 

0.6 

0.5 

Oronpe  and  principal  genera  of  organisms  observed :   1 .  Cyanophyceee.   2.  Palmellncen ;  Zoosporeee, 
vedemiH^;  Ijeemidiace»;  DIatoroacefe,  ABterionella,  MeloHra,  3j/nedraj  Tabellaria.    3.  Schizomy'^ 
I.    4.  ProtOBoa,  Z«no6rywi, />Hrf<n<w»i;  Sponglaria;  Rotifera;  BryoBoa.    p,    .     ^  u  Ip 

igi  ize     y  ^ 
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WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 
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WATER  SUPPLY  AND  SEWERAGE. 
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Chemical  Examination  of  Water  from  Jamaica  Pond. 

[Parts  per  100,0000 


Date  o» 

Apfbaranck. 

Rbsiduk  cm 
evaporatiox. 

Ammonia. 

1 
.83 

NITROOBM 
AS 

1 

1 

1^ 

fa 

«i 

1 

i 

il 

1 

1 

ii 

«' 
F4 

55 

84 

IS 

Jane  3 

Jone 

Decided, 
milky. 

None. 

0.00 

7.72 

3.52 

4.20 

.0022 

.0618 

.0000 

- 

»6 

Jnly    6 

July 

Decided. 

Slight. 

0.02 

7.36 

1.22 

6.13 

.0088 

.0284 

.84 

.0000 

- 

461 

Aug.  2 

Ang. 

Decided. 

Sll*t,  white 

0.10 

6.77 

1.10 

5.67 

.0035 

.0266 

.77 

.0040 

- 

673 

Sept.  2 

Sept. 

Dedded. 

Slight. 

0.00 

6.52 

0.70 

5.82 

.0000 

.0279 

.85 

.0000 

- 

879 

Oct.    4 

Oct. 

Diatlnct. 

Con.,white. 

0.00 

6.70 

0.92 

5.78 

.0007 

.0263 

.85 

.0000 

- 

1304 
15T6 

Dee.    2 

IS 

Jan.  11 

Dec. 

ss. 
Jan. 

11 

Decided. 
Decided. 

StlKht, 
white. 

Slight,  dark 
colored. 

0.00 
0.00 

6.00 
7.06 

0.75 
1.85 

6.15 
5.70 

.0475 
.0346 

.0336 
.0277 

.78 
.88 

.0060 
.0180 

.0002 

170S 

Feb.    1 

Feb. 

Dietinct. 

v«^^j,.gm. 

0.10 
O.IO 

7.40 

1.40 

6.00 

.0324 

.0258 

.83 

.0200 

.0005 

loao 

Mar.    1 

Mar. 

Dietlnct. 

None. 

6.30 

1.25 

5.05 

.0438 

.0969 

.86 

.0150 

.0003 

2147 

Apr.   8 

Apr. 

Distinct. 

Coneid»bte. 

0.10 

6.50 

0.60 

5.90 

.0352 

.0278 

.81 

.0100 

.0004 

2343 

May    2 

May 

Dedded. 

Veryelight, 
white. 

0.10 

6.55 

1.15 

5.40 

.0168 

.0350 

.82 

.0180 

.0006 

2M0 

Jone 13 

Jone  13 

Slight. 

Considera- 
ble. 

0.00 

6.85 

1.25 

5.00 

.0066 

.0244 
.0158 

.82 

.0220 

.0007 

2780 

July  11 

Joly 

11 

DIetlDot. 

Slight, 
white. 

0.10 

6.30 

1.20 

5.10 

.0002 

.0240 
.0192 

.83 

.0020 

.0003 

23S0 

An«.  8 

Aog. 

Very  Blight. 

Very  slight, 
white. 

0.00 

6.40 

1.15 

5.25 

.0020 

.0210 
.0190 

.87 

.0000 

.0001 

8068 

Sept.  5 

Sept. 

Decided. 

Consid'ble, 
green. 

0.05 

6.25 

1.05 

5.20 

.0000 

.0376 
.0180 

.8^ 

.0020 

.0001 

8301 

Oct.    2 

Oct. 

Deelled. 

Consid'ble, 
earthy. 

0.00 

6.40 

1.65 

4.75 

.0000 

.0160 
.0218 

.79 

.0050 

.0002 

3485 

Not.   1 

Not. 

D  Aided. 

Constd'ble, 
white. 

0.00 

6.50 

1.20 

5.30 

.0272 

.0482 
.0178 

.85 

.0250 

.0004 

8643 
8818 

Dee.    4 

IS 

Jan.    2 

Dec. 

ss. 

Jan. 

Decided. 
Dedded 

Slight. 
Slight. 

0.00 
0.00 

1 

8.20 
8.45 

1.35 
1.50 

4.85 
4.95 

.0300 
.0344 

.0476 
.0166 

.0480 
.0164 

.82 
.84 

.0800 
.0380 

.0002 
.0006 

8968 

Feb.    5 

Feb. 

Decided. 

Slight 

0.00 

6.40 

0.90 

1 
5.50 

.0240 

.0620 
.0170 

.81 

.0280 

.0004 

4216 

Mar.    5 

Ifar. 

Distinct. 

Fibroosand 
■andy. 

0.00 

7.80 

1.75 

5.55 

.0104 

.0400 

.om 

.86 

.0600 

.0003 

4460 

Apr.    8 

Apr. 

Decided. 

^'itii. 

0.00 

6.75 

2.00 

4.75 

.0008 

.0616 
.0172 

.82 

.0600 

.0002 

4608 

May    2 

May 

Dialinot. 

Slight. 

0.00 

6.75 

1.55 

5.M 

.0000 
.0157 

.0990 
.0172 

.84 
.83 

.0250 

.0006 

At. 

0.03 

6.80 

1.04 

6.76 

.0398 

.0160 

.0004 

Hardoese  in  May,  1888,  8.0.    Odor,  generally  %'egetable,  mooldy  and  disafn-eeable,  inoreaoed  on 

heating. The  eamplea  were  collected  from  a  faacet  nt  the  pumping  station,  while  pumping,  or  from 

the  pood  near  the  coodoit.    The  oondoit  is  located  at  a  depth  of  6.5  feet  bdow  high  water. 
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Microscopical  Examination. 


[Dec. 


1888. 

1889. 

June. 

Jnly. 

Ang. 

Sept. 

Oct. 

Nov. 

Deo. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Bine-green  Algas,    . 

0.0 

0.0 

0.0 

0.6 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

pr. 

2.  Other  Alga.  .       ,       .       . 

2x0 

6.1 

27.9 

4.6 

0.4 

0.0 

0.2 

pr. 

0.0 

pr. 

0.2 

0.0 

8.  FangI, 

0.0 

1.0 

0.2 

15.0 

20.0 

7.5 

10.0 

26.0 

1.2 

600.0 

60.0 

250.0 

4.  Animal  Form*, 

pr. 

0.3 

pr. 

pr. 

0.4 

0.8 

pr. 

0.0 

0.0 

0.0 

pr. 

0.0 

U roups  and  principal  genera  of  organisms  observed :  1.  CyanophyeesB.  2.  Palmellaoen,  CfUoro- 
coccwt;  Zoosporpfls;  Deemidlace»;  Dlatomacen,  S]/nedra.  8.  Schixomyoetcs,  Ogeiilaria,  4.  Protoxoa; 
Rotlfera;  Bntomoetraca. 

Water  Supply  op  Braintree.  —  Braintree  Water  Supply 

Company. 

Description  of  Works. — ^Population  in  1885, 4,040.  The  works  ai-e 
owned  by  the  Braintree  Water  Supply  Company.*  Water  was  intro- 
duced in  1887.  The  source  of  supply  is  a  filter-gallery  on  the  eastern 
shore  of  Little  Pond  in  South  Braintree.  Little  Pond  has  an  area  of  75 
acres  when  full,  but  when  drawn  down  six  feet  its  area  is  said  to  be 
but  48  acres.  The  owners  of  the  water  privilege  at  the  outlet  of  the 
pond  have  the  right  to  draw  it  down  six  feet.  Its  drainage  area  is 
about  350  acres,  and  there  is  quite  a  large  population  on  this  area, 
mostly  in  the  village  of  South  Braintree,  which  is  on  the  same  side  of 
the  pond  as  the  filter-gallery.  This  village  has  no  system  of  sew- 
erage. The  filter-gallery  is  110  feet  in  length  and  15  feet  in  width ; 
its  side  walls  are  13.5  feet  high,  built  of  granite  laid  dry.  A  brick 
arch  forms  the  roof.  The  bottom  of  the  gallery  is  16.5  feet  below 
high  water  in  Little  Pond.  Water  is  pumped  from  the  filter-gallery 
to  an  open  iron  tank  30  feet  in  diameter  and  100  feet  high.  Dis- 
tributing mains  are  of  cast  iron  and  service  pipes  of  enameled  iron. 

Chemical  Examination  of  Water  from  the  Fitter-Odllery  of  the  Braintree 
Water  Supply  Company. 

[Parts  per  100.000.] 


Dat«  of 

Appkarancb. 

Rksidub  oh 
Evaporation. 

Ammomia. 

j 

KiTRooex 

AS 

1 

j 

|1 

1 

1 

1 

i 

§1 

1 

1 

s 

213 
434 
663 
854 
1069 

Jane  28 
Jaly  28 
Aag.30 
Sept.  23 
Oct.  27 

87. 

June  29 

July  29 
Sept.  1 
Sept.  20 
Oct.  29 

Dec'd,  mUky 

Slight. 

None 

None. 

None 

None. 
None. 
None. 
None. 
None. 

0.50 
0.15 
0.00 
0.00 
0.00 

8.15 
7.60 
6.72 
7.26 
7.36 

- 

- 

.0019 
.0010 
.0004 
.0000 
.0000 

.0122 
.0042 
.0030 
.0026 
.0016 

0.81 

o.n 

0.85 
0.87 
0.86 

.1040 
.1560 
.1040 
.0300 
^7W^ 

- 

♦  The  qnestlon  of  the  ownership  of  the  water  works  In  this  town  is  a  disputed  one,  which  Is  now 
before  the  courts  for  settlement.    The  works  are  now  operated  by  the  cosnpany. 
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Chemical  Examination  of  Water  from  the 

Filier-Odllery, 

Braintree 

—  Concluded. 

Datb  of 

« 

RaaiDUB  ON 

EVAPOKATIOK. 

Ajcmohia. 

1 

NlTUOOKM 
AS 

i 

9 

9i 

c 

|l 

f 

1 

1 

1 

si 

t 

H 
fa 

1 

rf 

< 

^ 

55 

1305   Nov.  30    Dec.    2 

None. 

None. 

0.00 

6.45 

. 

. 

.0000 

.0086 

0.81 

.0600 

. 

1509   Dec.  30 

Bee.  81 

None. 

None. 

0.00 

7.25 

- 

- 

.0002 

.0014 

0.98 

.0900 

.ooos 

1706   Jan.  30 

Feb.    Ij 

VerysUght. 

None. 

0.00  i 

7.85 

_ 

1 

.0000 

.0013 

1.01 

.1600 

.0002 

1930   Feb.  29   Mar. .  2  | 

Blight. 

Slight. 

0.00 ! 

7.60 

- 

- 

.0004 

.0036 

0.01 

.1600 

.0005 

2107 

Mar.  26   Mar.  27  1 

VerysUght. 

VerysUght. 

0.00 

6.45 

- 

- 

.0004 

.0058 

0.79 

.0750 

.0004 

2326 

Apr.  28 

Apr.  80  j 

1 

«x. 

VerysUght. 

0.10" 

6.60 

- 

- 

.0018 

.0060 

0.80 

.0650 

.0001 

2538 

May  28 

1 
May  31 

«x. 

Slight, 
earthy. 

6.06 
0.07 

6.60 

- 

- 

.0008 

.0076 

0.76 

.0600 

.0001 

At. 

i 

7.U 

-• 

- 

.0006 

.0045 

0.85 

.0948 

0003 

Hardness  In  Hav,  1888,  2.7.    Odor,  none. The  samples  were  collected  from  a  faucet  in  the 

— , ... hller ^  " 


pomping  station  while  pnmping. 


Microscopical  Examination, 


1.  61ne>green  Algae, 

2.  Other  Algao, 
8.  Fangl, 

4.  Animal  Forms,  . 


March. 


0.0 
pr. 
0.0 
0.0 


April. 


0.0 
pr. 
0.0 
0.0 


May. 


0.0 
pr. 
0.0 
0.0 


Groaps  and  principal  genera  of  organisms  observed :    2.  DesmidlaceiB;  DlatomacesB. 


Chemical  Examination  of  Water  Jrom  the  Tank  of  the  Braintree  Water  Supply 

Company, 

[Parts  per  100,000.] 


DATS  or 

APPBAaARCB. 

Rrsidur  om 

EVAPOaATIOIT. 

Ammonia. 

1 
1.06 

0.98 

0.82 

0.77 

0.77 

NITROGBN 
AS 

i 
I 

j 

sl 

1 

1 

1 

1 

1 

1 

1 

Si 
S5 

1 

1707 
1929 
2108 
2327 

2539 

Jan.  30 
Feb.  29 
Mar.  26 
Apr.  28 

May  29 

Feb.    1 
Mar.   2 
Mar.  27 
Apr.  80 

May  81 

VerysUght. 

None. 

VerysUght. 

Slight, 
milky. 

None. 
None. 
None. 
Very  slight. 

None. 

0.00 
0.00 
0.00 
0.10 

0.05 

7.90 
7.35 
6.65 
6.15 

6.25 

- 

- 

.0000 
.0004 
.0002 
.0000 

.0000 

.0012 
.0060 
.0030 
.0052 

.0052 

.1600 
.1600 
.1000 
.0800 

.0650 

.0005 
.0004 
.0010 
.0000 

.0001 

Av. 

0.03 

6.86 

- 

- 

.0001 

.0039 

0.87 

.1130 

.0004 

Ilardnesa  in  May,  1888, 2.7.    Odor,  none. The  samples  were  collected  from  fanceta  in  hooaes  in 

he  vicinity  of  the  tank  Jnst  previous  to  starting  the  pnmp. 
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WATER  SUPPLY  AND  SEWERAGE. 

Microscopical  Examination. 


[Dec. 


March.         AprIL  May. 


1.  Blae-green  Algae, 

2.  Otbpr  Algas,      . 

3.  Fnngl, 

4.  Animal  Forma, 


0.0 
pr. 
0.0 
0.0 


0.0 
pr. 
0.0 
0.0 


O.O 
pr. 
0.0 

0.0 


Groupa  and  principal  genera  of  organlama  obaerred :    2.  Palmellaceae ;  Diatomaoen. 

Cliemicdl  Examination  of  Water  from  Little  Pond  in  Braintree. 

[Parts  per  100,000.] 


Datx  of 

RaaiDUB  ON 
EvAPOHATio:r. 

Ammokij.. 

.61 

NlTBOOB3r 

AS 

1 

s 

1 

i 

at 

f 

j 

1 

I 

|i 

1 

1 

A 

< 

s 

i 

2537 

IS 

Uay  28 

MS. 
May  81 

Slight. 

Very  Blight. 

0.45 

4.10 

1.30 

2.80 

.0020 

.0228 

.0020 

.0001 

IlardneBS,  1.4.    Odor,  wry  faint  or  none.— ^ The  aample  was  collected  from  Little  Pond  at  the 
surface  near  the  pumping  station  of  the  Braintre^  Water  Supply  Company. 

Microscopical  Examination. 

May,  1888.    An  insignificant  number  of  algee  present.    Oroups  and  principal  genera  of  organlama 
observed:  2.  Palmellaceas;  Zoosporess;  Dlatomace». 


Brewster, 

Chemical  Examination  of  Water  from  Long  Pond  in  Brewster. 

fParts  per  100,000.] 


Dat«  of 

Appsarakcs. 

Rksidur  oh 

£VAl>0aATI05. 

AXSfOMIA. 

■     1 

1 

s 

1      1 

1.44, 

1 

NiTROGBH 
AS 

1 

B 

s 
5r, 

j 

|i 

1 

1 

1 

i 

si 

i 

1 

ll 

•< 

s 

1 

2984 

IN 

Aug.  18 

Aug.  20 

Distinct. 

Slight. 

0-0 

4.85 

1.2S 

8.70 

.0012 

.0228 
.0194 

.0020 

.0001 

Odor,  very  faint  or  none. The  sample  waa  collected  from  the  pond. 

Microscopical  Examination. 

August,  ISSS.    1.  Blne-grcen  algss,  pr.;  S.  Other  algao,  16.2;  8.  Fungi,  0.0;  4.  Animal  Forms,  0.1. 

Groups  and  principal  genera  of  orgnnisma  observed:  1.  Cyanophyccn.  2.  Palmellaceae ;  Zoo* 
sporeee;  DcsmidiacesB ;  DlatomacesB,  2felo9ira,  StephanodUcua.  4.  Protozoa;  Annelida;  Rotiferm; 
Entomostraca. 
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Water  Supply  of  Bridgewater  and  East  Bridgewater. — 
Bridgewaters  Water  Company. 

Description  of  Works. — Population  in  1885  :  Bridgewater,  3,827  ; 
East  Bridgewater,  2,812  ;  total,  6,639.  The  works  are  owned  by  the 
Bridgewaters  Water  Company.  Water  was  introduced  in  1888. 
The  average  daily  consumption  in  the  summer  of  1889  was  about 
75,000  gallons.  The  sources  of  supply  are  three  wells  on  the  east 
bank  of  the  Town  River  in  Bridgewater.  The  largest  well  is  60 
feet  in  length,  25  feet  in  width  and  17  feet  in  depth;  its  shape  is 
oval.  The  second  well  is  a  short  distance  from  the  first,  and  is 
cylindrical  in  shape,-  22  feet  in  diameter  and  22  feet  in  depth. 
Each  of  these  wells  is  covered  by  a  roof  which  excludes  the  light. 
The  third  well  was  built  in  May,  1889 ;  it  is  25  feet  in  diameter 
and  27  feet  in  depth ;  its  walls  are  of  boiler  iron.  In  the  bottom 
of  this  well  a  tubular  well  6  inches  in  diameter  has  been  sunk  to 
a  farther  depth  of  86.5  feet.  A  small  additional  supply  is  obtained 
from  a  spring  near  by,  which  flows  by  gravity  into  the  smallest  well. 
The  bottom  of  the  largest  well  is  about  one  foot  below  the  ordinary 
level  of  the  water  in  the  river.  The  region  about  the  wells  and  back 
of  them  is  practically  uninhabited.  For  a  considerable  distance  back 
there  is  grass  land ;  farther  back  there  is  considerable  woodland. 
Water  from  the  wells  is  pumped  to  an  open  iron  tank  22  feet  in 
diameter  and  75  feet  high. 
Service  pipes  are  of  wrought  iron. 


Distributing  mains  are  of  cast  iron. 


Chemical  Examinalion  of  Water  from  the  Wells  of  the  Bridgewaters  Water  Company, 

[Parts  per  100,000.] 

Date  of 

Appbarakcb. 

Rksiduk  ow 
Evaporation. 

Akmokia. 

1 

i 

.60 

Nitrogen 

AS 

i 

5 
s 
'A 

1 

|1 

1 

1 

1 

1 

ii 

i 

M 

1 

< 

1 

i 

5 

18 

2639  June  19 

Jane  20 

Distinct, 

milky. 

Slight. 

0.00 

5.15 

- 

- 

.0010 

.0012 

i 

.0800  .0001 

2S49   JalyM 

July  28 

DinUnct. 

Slight, 
white. 

0.10 

4.75 

- 

- 

.0000  .0017 

.60 

.0500 

1 

.0001 

3012   Aug.  21 

Ao,..«, 

VerysHght 

Veryillght. 

0.00 

4.60 

- 

- 

.0014  .0027 

.48 

.0030 

.0001 

8331   Oct.     8   Oct.     9 

None. 

None. 

0.00 

3.35 

- 

- 

.0000  .0000 

.44 

.0080 

.0000 

3424   Oct  23   Oct.  23 

1 

Veryillght. 

Veryillght. 

0.00 

4.65 

- 

- 

'.0004  .0020 

1           1 

.82 

.0300  .0000 

3582   Nov.  21   Nov.  21 

None. 

None. 

0.00 

2.83 

- 

- 

.0000  .0000 

.44 

'.0090  .0000 

3749   Dec.  19  !  Dec.  19  ; 

None. 

None. 

0.00 

3.70 

- 

- 

.0000  .0020 

1 

.46 

1 

.0120  .0000 
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Chemical  Examination  of  Water  from  the  Wells  of  the  Bridgewatera  Water 
Company  —  Concluded. 


DATS  or 

Appbaraxcb. 

Rksidub  on 

EVAPORATIUX. 

Ammonia. 

6 

.46 
.47 
.64 

.40 
.61 

.47 

XlTROGBX 
AS 

9 

'A 

j 

jl 

f 

1 

1 

1 

4 

1 

1 

< 

'.0220 

.0400 

1 
.0400 

.0600 
.0300 

1 

>5 

3880 
412ft 
4407 

4667 
4706 

18 

Jan.  2-i 

Feb.  26 
Mar.  27 

Apr.  24 
May  21 

89. 

Jan.  23 

Feb.  26 
Mar.  27 

Apr.  24 
May  21 

Veryallgbt. 

None. 

DlBtlnct, 
milky. 

None. 

None. 

None. 
None. 
None. 

None. 
None. 

0.00 
0.00 
0.10 

0.00 
0.00 

8.40 
8.30 
7.60 

4.60 
4.00 

- 

- 

.0000 
.0000 
.0078 

.0004 
.0020 

.0000 
.0010 
.0046 

.0012 
.0022 

.0016 

.0000 
.0001 
.0002 

.0000 
.0000 

Av. 

1 

0.02 

4.20 

- 

- 

'.0011 

1 

1           1 
.0312'.0C<i1 

1                     1 

Odor,  none. The  samplee  were  collected  from  a  faucet  at  the  pumping  station  while  pamplng, 

with  the  exception  of  No.  3012,  which  waa  collected  while  the  pump  was  not  In  motion. 

Microscopical  Examination, 


1888. 

1889. 

June 

July.  Aug.   Oct. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. '  May. 

1 

1.    Bine-green  Algn, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.    Other  Algn 

0.0 

0.0 

0.0 

pr. 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

pr. 

3.    Fungi, 

6.0 

4.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

4.    Animal  Forms 

0.0     0.0 

0.0 

0.0     0.0 

0.0 

pr.' 

,.. 

0.0 

0.0 

pr. 

0.0 

Groups  and  principal  genera  of  organisms  observed :  2.  1  natomacees.    3.  Schlzomycetos,  Creno- 
thrix,  Leptolhrix.    4.  Protozoa;  Entomostraca. 


Chemical  Examination  of  Water  from  the  Town  River  at  Bridgewater. 

[Parts  per  100.000.] 


Datb  or 

APFBASAarCB. 

Residcb  ok 
Evaporation. 

Ammonia. 

1 
.37 
.46 
.42 

XXTROGKSr 
AS 

'A 

§ 

71 

il 

S 

*i 

1 

1 

d 

1 

1 

1= 

?. 

2638 
2847 

son 

18 

Jnne  19 

July  24 
Aug.  21 

88. 
June  20 

July  26 

Aug.  22 

Slight. 

Distinct. 

Slight. 

Blight. 

Consld'blc. 

Slight. 

3.20 
1.30 
0.80 

6.40 
9.30 
4.85 

3.45 
2.20 
1.70 

2.95 
7.10 
3.15 

.0016 
.0032 
.0008 

.0462 
.0400 

.0802 
.0252 

.0264 
.0224 

.0100 
.0160 
.0020 

.0001 
.0008 
.0004 

Av. 

1.77 

e.86 

2.45 

4.40 

.0010 

.0366 
.0292 

.42 

.0000 

.0003 

Odor,  faintly  vegetable. The  samples  were  collected  from  the  river  at  the  bridge  itbout  half  a  mile 

below  the  wells  of  the  Brldgewaters  Water  Company  and  Just  above  ita  conflnenoe  with  the  Matfleld 
River. 
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Microscopical  Examination, 


June.  July.         AuguiL 


1.  Blae-grecn  Alg», 

2.  Other  Algao, 
a.    Fungi, 

4.    Animal  Forma, 


0.0 


pr. 
0.3 
pr. 


pr. 
0.9 

ao.o 

pr. 


0.0 
0.2 
0.0 
0.1 


Qroapa  and  principal  genera  of  organisms  observed :  1.  CyanophyoeaB.  2.  PalmellacesB ;  Zooaporeas; 
IXeamidiacesB;  Dlatomaces.    3.  Schlzomycotes,  Oeno^Arix.    4.  Frotoxoa;  Bpongiarta. 

Water  Supply  of  State  Farm,  Bridgewater. 
This  is  a  supply  to  a  public  institution  which  has  a  population 
averaging  about  450.  The  works  were  built  in  1885.  The  source 
of  supply  is  the  Taunton  River  near  Dunbar's  Bridge  between 
Bridgewater  and  Middleborough  and  a  short  distance  below  the 
mouth  of  the  Nemasket  River.  Water  is  pumped  to  an  open  iron 
tank  17  feet  in  diameter  and  55  feet  high.  A  supply  of  water  for 
drinking  purposes  has  at  times  been  obtained  from  a  spring.  Dis- 
tributing mains  are  of  cast  iron. 


Service  pipes  are  of  lead. 


CheTnical  Examination  of  Waler  from,  the  Taunton  Biuer  at  Bridgewater^  a  short 
distance  below  the  confluence  of  the  Taunton  and  Nemasket  Rivers, 

[Parts  per  100,000.] 


Date  of 

APPSAaAKCB. 

Rksiduk  oh 
Evaporation. 

Ammoxia. 

.58 
.42 

NlTROGBK 
AS 

c 

s 

1 

6 

1 

1 

t 

1 

ifl 

5 

1 

1        18  Ur. 

92    June  14 1  J  une  15 

Decided. 
SUght. 

Consld'ble. 
None. 

5.00  1 

6.57 
6.57 

8.27 
3.27 

3.30 
3.30 

.0011 
.0032 

.0414 

.0050 
.0000 

155 

Jane  21 

June  22 

2.00; 

- 

536 

Aog.l2 

Aug.  12 

Very  slight. 

None. 

1.70 

6.50 

2.87 

3.63 

.0023 

.0340 

.51 

.0030 

- 

810 

Sept.  18 

Sept.  19 

Decided. 

Slight. 

1.40 

6.80 

1.85 

3.95 

.0013 

.0241 

.60 

.0070 

- 

W3 

Oct.  18 

Oct.  19, 

Slight. 

Very  slight. 

1.00. 

5.25 

1.15 

4.10 

.0008 

.0216 

.65 

.0070 

- 

1230 

Nov.  21 

Not.  21 

Very  slight. 

Very  slight. 

1.10 

6.30 

2.45 

3.80 

.0013 

.0285 

.72 

.0100 

- 

1639 

18 

Jan.  22 

Jan.  23 

Slight. 

None. 

1.10 

6.15 

2.20 

3.95 

.0024 

.0242 

.47 

.0400 

.0000 

1867 

Feb.  19 

Feb.  20 

Slight. 

None. 

1.00 

5.60 

2.00 

3.60 

.0a35 

.0271 

.56 

.0150 

1 

.0000 

2068 

Mar.  20 

Mar.  21 

Distinct. 

Very  slight. 

1.00 

4.45 

1.65 

2.80 

.0004 

.0226 

.52 

;.0050 

.0000 

2282 

Apr.  22 

Apr.  23 

Slight. 

Very  slight. 

1.60 

4.25 

2.00 

2.25 

.0004 

.0253 

.46 

.0300 

.0002 

24« 

tfay  21 

May  21 

Very  slight. 

Very  slight. 

2.60 

5.30 

2.75 

2.55 

.0080 

.0400 

.40 

'.0080 

1 

.0001 

M2  Jane  20  June  21  j 

Very  slight. 

Very  slight. 

2.30 

5.20 

2.55 

2.65 

.0034 

.0248 

.46 

.0100 

1 

.0003 
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WATER  SUPPLY  AXD   SEWERAGE. 


[Dec. 


Chemical  Examination  of  Water  from  the  Taunton  River  at  Bridgewater,  a  short 
distance  below  the  confluence  of  the  Taunton  and  Nemasket  Rivers  —  Con. 


Hardness  in  May,  1888, 1.1.    Odor,  faintly  vegetable,  seldom  faintly  monldy. The  samples  were 

collected  from  a  faucet  in  the  ofllce  of  the  Bnperlnteodent  of  the  State  Farm. 


Microscopical  Examination, 


1988. 

1889. 

June.  July 

Aug. 

Sept. 

Oct 

Not. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 'May. 

1.  Blae-green  Algfl» 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  '   0.0 

1 

2.  OtberAlga), 

0.0 

0.6 

0.1 

pr. 

0.0 

0.0 

pr. 

O.l 

1.6 

8.9 

0.8,  0.1 

8.  Fnngi, 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0     0.0 

4.  Animal  Forms,      .... 

0.0 

0.2 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.4 

0.2 

0.0     pr. 

Groups  and  principnl  genera  of  organisms  observed:   2.  Palmellacoao;  Zoosporese;  Deamldiaces; 
Diatomaceao,  A9UrionelUi.    3.  Sohlzomycetes.    4.  Protozoa;  Spongiaria. 
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Chemical  Examination  of  Water  frwn  the  Tawnton  Bieer  at  Bridgewater,  a  short 
distance  below  the  oonfltcence  of  the  Taunton  and  Nemasket  Bivers. 

CPirts  per  100,000.] 


Date  ov 

Appsaraxcs. 

Rksiddk  on 
Evapokatiox. 

Ammonia. 

e 
1 

s 

.52 

.47 

1 
.48 

.44 

.48' 

1    NiTBOOKN 

1            -^^ 

1 

a 

6 

|l 

1 

1 

1 

I 

4 

■6 

1 

1 
•  s 

la 

1  i 

>5 

^ 

93 
154 
351 
535 

IS 

June  14 

June  21 
July  13 
Aug.  11 

S7. 

June  1ft 

June  82 
July  19 
Aug.  12 

Very  slight 
Very  slight. 
Very  slight. 
Very  slight. 

None. 
Slight. 
Very  slight. 
Slight. 

4.00 
1.80 
1.10 
1.80 

6.42 
6.30 
4.73 
6.30 

5.69 

2.80 
2.35 
1.40 
2.75 

2.33 

3.62 
2.95 
^.35 
3.65 

3.36 

i 
.0025 

.0024 

.0024 

.0041 

1 

.0393 
.0322 
.0251 
.0357 

.0050 
.0200 
.0040 
.0000 

- 

At. 

1.57 

.0029 

.0331 

.0088 

Odor,  faintly  vegetable,  sometimes  faintly  mouldy. The  samples  were  collected  from  tbo  river  at 

Dunbar's  Bridge. 

Chemical  Examination  of  Water  from  a  Spring  al  State  Farm,  Bridgewater, 

[Parts  per  100.000.] 


Datb  op 

Appkarancs. 

1       Kksidckon 

EVAl'OKATION. 

Ammonia. 

§ 

NlTHOGEX 
AS 

1 

i^ 

a 

«j 

1 

i    1 

il 

1 

i 

1^ 

J 

^4 

402 
534 

18  87. 

Jaly  26  j  July  26 

Aag.U.Ang.lS 

1 

None. 

None. 
None. 

0.0 
0.0 

9.07 
7.60 

- 

- 

.0002 
1 
.0002 

1 

.0030 
.0010 

1.11 

0.88 

.3900 
.2600 

- 

Odor,  none. The  samples  were  collected  from  a  spring  which  has  occasionally  been  used  as  a 

scarce  of  water  supply  for  the  State  Farm. 

Chemical  Examination  of  Water  from  the  Taunton  Biver  at  Bridgewater  Just 
above  its  confluence  toith  the  Nemasket  Biver, 

[Parts  per  100,000.] 


Dat»  of 

1 

APPBABAVOS. 

Rrsidub  on 
Evaporation. 

AMMONIA. 

i 

.57 

NlTROGlCX 
AS 

^ 

1^ 

f 

1 

i 

a 

1 

§1 
11 

Cb 

1 

il 

•< 

P4 

5 

7. 

352 

IS 

■July  18 

«7. 

July 

19 

Very  slight. 

Very  slight. 

1.30 

6.55 

2.15 

4.40 

.0036 

.0351 

.0070 

^ 

809  '  Sept.  18   Sept 

19 

Decided. 

Very  slight. 

1.70 

7.00 

2.10 

4.90 

.0007 

.0342 

.60 

.0070 

- 

981    Oct.  18 1  Oct. 

19 

Distinct. 

Slight. 

1.60 

6.55 

1.60 

4.95 

.0014  .0306 

.72 

.0130 

- 

1232   Nov.  21 ;  Nov. 

21 

Distinct. 

Slight. 

1.40 

7.50 

3.45 

4.05 

.0021  .0358 

.60 

.0080 

- 

1448   Dec.  19 'Dec. 

1        1 

21 

Decided. 

Slight, 
earthy. 

1.50 

7.45 

3.25 

4.20 

.0034  .0336 

.70 

.0120 

- 
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WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


Chemical  Examination  of  Water  from  the  Taunton  River  at  Bridgewaler,  Just 
above  its  confluence  unlh  the  Neniasket  River — Concluded. 


Datb  or 

RkSIDUE  OTt 
EVAFOKATIOX. 

Ammohia. 

1 
1 
1 
1     •. 

1 

i 

.51 

NrrxoGBX 

AS 

•?. 

1 

1 
§ 

ii 

1 

1 

5 

1 

J 
1-^ 

1 

.1 

2 

o 

,S 

|a 

< 

s 

2 

i 

\            1A88. 
1058  ,  Jan.  22  Jan.  33 

1                1 

Slight. 

Slight. 

1.80 

7.25 

3.15 

4.10 

.0007 

.0284 

1 

.0250  .0000 

18to    Feb.  W  .  Feb.  20 

1               , 

Slight. 

None. 

1.30 

6.50 

3.00 

3.50 '  |. 0089 1. 0294 

^  .6o".020o'.on(w 

2066  1  Mar.  20   Mar.  21 

Distinct. 

Slight. 

1.10 

4.85 

2.10 

2.75 

{.0005 '.0^ 

!    .50  I.OIOO'.OOOO 

1            1 

2280   Apr.  22 '  Apr.  23 

1                j 

Very  alight.' Slight. 

2.30 

6.10 

2.45 

2.65. 0004  |. 0312 

.51  1.0200 '.0001 

2471    May  21 .  May  21 

Very  slight.  Very  slight. 

2.80 

5.85 

3.25 

2.60    .0016 

.0412 

.38|.0120  .0001 

2640,JuDe20  June 21 

1 

Slight. 

1 

Very  slight. 

- 

8.95 

3.46 

8.50 

.0030 

.0378 
.0360 

.53    .0080  .0001 

2832   July  25  July  26 

1        1 

Very  slight. 

Slight. 

0.90 

! 

.  4.80 

1.46 

'.0010 
3.35, 

.0214 
.0198. 

.50    .0070 

i! 

.61,. 0080 

1          |i 

.0001 

2987 

Aug.  20   Aug.  20 

Slight. 

Slight. 

1.10 

!  8.00 

2.00 

1.0008 
4.00 

.0276' 
.0228 

.0008 

8262 

Sept.  25   Sept.  26 

Very  slight 

Very  slight. 

2.80 

1 
7.90 

4.25 

3.65 

.0008 

.0404 

.52 

.0100 

.0002 

3428 

Oct.  23   Oct.  24 

Very  slight. 

Very  slight. 

3.70 

6.75 

3.75 

3.00 

.0012 

.0396 
.0370 

'•" 

.0070 

.0002 

3597    Nov.  22  Not.  24 

Very  slight. 

Slight. 

3.00 

6.15 

8.35 

2.80 

.0002 

.0342 
.0300 

.47 

.0100 

.0004 

8770    Dec.  19 
3919   Jan.  23 

DjBC.21 

89. 

Jan.  24 

Distinct. 
Slight. 

Slight, 
earthy. 

Slight. 

0.90 
1.80 

4.00 
3.95 

1.65 
1.75 

2.35 
2.20 

.0000 
.0002 

.0218 
.0200 

.0164 

.om 

.45 
.45 

.0080.. 0001 
.0050  .0002 

4163 

Feb.  27    Feb.  28 

Very  Blight. 

Very  slight. 

0.60 

4.70 

1.90 

2.80 

.0014 

.0208 
.0202 

.49 

.0120  .0003 

1 

4430 

Mar.  28 

Mar.  29 

Slight. 

Slight. 

1.30 

4.25 

1.46 

2.80 

.0000 

.0238 
.0212 

.62 

.0090  .0002 

1 

4580 

Apr.  25 

Apr.  26 

Very  slight. 

Slight. 

2.40 

5.35 

2.70 

2.65 

.0004 

.0374 
.0310 

.50 

.0070  .0001 

4724 

May  22 

May  23 

Distinct. 

H'vy,  br'n. 

2.80 

6.25 

3.15 

8.10 

.0036 

.0366 
.0350 

.49 

.0180 

.0000 

AvJ 

1.81 

..4e 

2.65 

3.81 

.0014 

.0309 

.54' 

.0110 

0001 

1                                1 

1 1 

IIirdnt'HH  In  May,  1888.  1.1.    Odor,  veireuble,  occasionally  faintly  mouldy. The  samples  were 

collectfcd  from  the  river  at  Sturtevant's  Bridge. 


Microscopical  Examination. 

1888. 

« 

1889. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

April. 

May. 

1.  Blue-grccn  Algso, 

pr. 

pr. 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algas, 

pr. 

pr. 

0.1 

0.2 

pr. 

0.2 

0.2 

0.0 

0.6 

0.9 

1.4 

0.1 

3.  Fungi, 

4.0 

0.4 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Anlrnal  Forms,  . 

pr. 

pr. 

pr. 

pr. 

0.0 

0.0 

pr. 

0.0 

0.0 

0.2 

0.0 

pr. 

GroupH  und  prloclpal  geiu^ra  of  brifaniHnis  observed :  1.  Cyanophycese.  2.  Palmeliacese;  Zoo- 
spori*:i';  ])ifim<diaccee;  Diuioraaceie;  Zygnemaccse.  3.  Schlzomycetes,  Orenothrix.  4.  Protozoa; 
Spougiaria ;  liottfera ;  Entomostraca. 
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Water  SuppiiY  of  Brockton. 

Description  of  Works.  —Population  in  1885,  20,783.  The  works 
are  owned  by  the  city.  Water  wad  introduced  in  1880.  The  aver- 
age daily  consumption  in  1888  is  estimated  to  have  been  about 
1,000,000  gallons.  The  source  of  supply  is  a  storage  reservoir  on 
Salisbury  Brook,  in  Avon,  near  the  boundary  line  between  Avon  and 
Brockton,  Area  of  reservoir,  about  100  acres ;  maximum  depth,  18 
feet ;  capacity,  330,000,000  gallons.  The  bottom  of  the  reservoir 
slopes  somewhat  regularly  from  the  upper  end  toward  the  dam. 
The  average  depth  is  not  great,  but  there  is  not  much  very  shallow 
flowage  in  the  reservoir  proper.  When  the  water  is  high,  however, 
the  lower  end  of  a  large  meadow  at  the  upper  end  of  the  reservoir 
is  flowed  to  a  small  depth.  A  portion  of  this  meadow,  adjoining 
the  reservoir,  is  partially  isolated  from  it  by  dikes  built  in  1887. 
The  drainage  area,  of  3.12  square  miles,  contains  but  a  small  pop- 
ulation. On  the  borders  of  the  drainage  area,  the  land  is  generally 
rocky  and  covered  with  wood,  and  the  slopes  are  very  abrupt.  In 
the  middle  of  the  area  there  is  a  large  amount  of  meadow  and 
swamp  land,  over  the  surface  of  which  the  water  slowly  finds  its 
way  to  the  channel  which  conveys  it  to  the  reservoir.  For  the  pur- 
pose of  obtaining  filtered  water,  4-inch  tile  drains  were  laid  beneath 
the  bottom  of  the  reservoir  before  it  was  filled.  The  drains  are 
30  inches  beneath  the  surface  and  8  feet  apart,  and  are  connected 
with  a  conduit  from  which  the  water  can  be  drawn  into  the  main 
supply  pipe  to  the  city.  An  area  of  about  65,000  square  feet  was 
prepared  in  this  way,  but  the  filter  has  never  been  used  except  to 
test  it,  as  the  water  from  it  causes  complaint  as  soon  as  it  is  turned 
on.  Water  is  distributed  by  gravity.  Distributing  mains  are  of 
cast  iron,  with  the  exception  of  the  main  pipe  from  the  reservoir  to 
the  city,  which  is  of  wrought  iron  lined  with  cement.  Service  pipes 
are  of  wrought  iron  lined  with  cement. 

A  bad  taste  and  odor  have  been  observed  in  the  water  of  the  reser- 
voir during  the  summer  and  fall  of  several  years.  This  first  occurred 
in  1881,  while  water  was  being  drawn  from  the  bottom  of  the  res- 
ervoir. The  intake  was  then  changed  to  a  point  near  the  surface, 
and  complaint  of  the  taste  and  odor  ceased  for  the  time.  It  is  said 
that  the  trouble  was  not  serious  again  until  1885,  but  it  has  occurred 
every  year  since  this  date.  The  character  of  this  water  and  the 
causes  of  the  tastes  and  odors,  will  be  discussed  in  a  subsequent 
portion  of  this  report. 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Chemical  Examination  of  Water  from  Salisbuty  Brook  at  the  point  where  it  enters 

the  Storage  Rpservoir, 

[Parts  per  100,000  ] 


4650 
4742 


a 


19 

May  13 

Kay  25 


May  14 
May  28 


APPSABAjrCS. 


Very  slight, 
Very  slight. 


Very  slight. 
None. 


2.4 
2.8 


Rbsioob  ov 

EVATOBATIOV. 


s.rs 


1^^ 


8.3S 


t.40 


AXMOXIA. 


.0022 
.0008 


.0488 
.0432 

.OS90 
.0362 


NlTBOOkS 


,0020 
,0020 


8 


,0001 
.0006 


Odor,  faintly  vegeUble. The  samples  were  collected  from  the  brook  Jast  before  it  enters  the 

reservoir. 


MicroscopiccU  Examination* 

May  13,  1880.  1.  Bine-green  alg»,  pr.;  2.  Other  algn,  pr.;  3.  Fungi,  0.0;  4.  Animal  Forms,  0.2. 
May  2-'>,  1889,  No  organisms.  Groups  and  principal  genera  or  organisms  observed :  1.  Cyanophycese. 
2.  Dlatomaceae.    4.  Protozoa. 


Chemical  Examination  of  Water  from  Salisbury  Brook  Storage  Reservoir. 

[Parts  per  100,000.] 


Datb  of 

APPBABASrOB. 

Rbsxddb  ok 

EVAPOBATION. 

AMKOSriA. 

i 

NiTBOOKV 
AS 

% 

1 

5 

i 

f 

1 

1 

1 

1 

1 

< 

1 

» 

206 

18 

June  27 

»7. 

June  28 

Decided. 

Slight. 

1.20 

4.42 

1.57 

2.85 

.0010 

.0394 

.30 

.0060 

_ 

422  .  July  27 

July  28 

Decided. 

Very  much. 

1.20 

4.32 

1.70 

2.62 

.0016 

.0370 

.29 

.0040 

- 

736:  Sept.  12 

Sept.  13 

Decided. 

Consid'ble 

1.00 

6.80 

2.92 

2.88 

.0017 

.0858 

.33 

.0030 

- 

842   Sept.  22 

Sept.  23 

Decided. 

CoDsid'ble. 

0.90 

5.95 

2.95 

3.00 

.0009 

.0978 

.30 

.0030 

- 

1050    Oct.  28 

Oct.  27 

Decided. 

Considera- 
ble. 

0.80 

4.50 

2.15 

2.35 

.0068 

.051R 
.0262 

.37 

.0080 

- 

1237    Nov.  21 

Nov.  22 

Slight. 

Sli't,  white. 

1.00 

4.45 

2.15 

2.30 

.0062 

.0345 

.37 

.0140 

- 

1464    Dec.  21    Dec.  22 

1 

Decided. 

Considera- 
ble. 

Slight. 

0.80 

5.15 

2.30 

2.85 

.0046 

.0327 

.38 

.0100 '.0000 

1663  ,  Jan.  23 

8A. 
Jan.  24 

Slight. 

0.60 

4.35 

2.00 

2.35 

.0047 

.0315 

.30 

.0100  .0000 

1856  j  Feb.  17 

Feb.  18 

Slight. 

Sli't,  white. 

1.00 

4.70 

1.85 

2.85 

.0085 

.0316 

.39 

.0100 

.0000 

2011    Mar.  19 

Mar.  20 

Slight. 

Slight. 

0.70 

3.70 

1.25 

2.45 

.0000 

.0248 

.34 

.0070 

.0001 

2209    Apr.  20 

Apr.  21 

Distinct. 

Slight. 

0.45 

2.75 

0.95 

1.80 

.0005 

.0231 

.31 

.0080 

.0002 

2459    May  18 

May  19 

Decided. 

Consid'ble. 

0.70 

3.30 

1.40 

1.00 

.0000 

.0356 

.27 

.0050..  0001 

2026    June  18 

1 

June  19 

Distinct. 

Considera- 
ble. 

0.90 

8.50 

1.85 

1.85 

.0010 

.0310 
.0234 

.28 

.0050 

.0000 

2820   July  23  July  24 

Distinct. 

Slight, 
green. 

0.90 

8.60 

1.35 

2.25 

.0004 

.0162 
.0260 

.29 

.0030 

.0001 

2992    Aug.  20 

Aug.  21 

Distinct. 

Consldera- 
able. 

0.70 

1 

4.20  1.65 

2.55 

.0008 

.0726 
.0310 

.27 

i 

.0050  .0002 

i 
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Oiemical  Examination  of  Water  from  Salisbury  Brook  Storage  Reservoir  —  Con. 


DAT*  OF 

Bbsidub  on 

EViO^RATIOX. 

Ammoxia. 

.22 

NiTBOOKV 
AS 

1 

a 

1 

^1 

1 

1 

1 

I 

§1 

i 

1 

iV 

1 

55 

1       1- 

8031|Aag.24 

1 

US. 

Aug.  25 

Decided. 

Consldera. 
ble,  green. 

0.80 

8.80 

2.20 

..» 

.0006 

.0670 
.0296 

.0020 

.0000 

S129    Sept.  7 

1 

Sept.  10 

Dlatinot. 

Oonsidera- 

0.60 

8.70 

1.70 

2.00 

.0024 

.0700 
.0382 

.24 

.0020 

.0001 

3138    Sept.  8 

Sept.  10 

Distinct. 

Slight. 

0.65 

8.65 

1.90 

1.75 

.0038 

.0660 
.0304 

.25 

.0000 

.0002 

8249    Sept.  24 

1 

Sept.  25 

DUttnct. 

CoDflidera- 
bie»  green. 

0.60 

3.70 

1.90 

1.80 ; 

.0064 

.0624 ' 
.0294 

.29 

.0060 

.0002 

8324    Oct.     8 

Oct.    9 

Distinct. 

Considera- 
ble, green. 

0.80 

4.30 
4.10 

1.95 
1.80 

2.35 
2.80 

.0046 

.0348 
.0260 

.27 

i 

.0090 

.0002 

8417    Oct.  22 

Oct.  23 

1 

Diatlnot. 

SUght. 

1.10 

4.15 

2.05 

....j 

.0112 

.0332 
.0212 

.31 

.0060 

.0003 

3578    Nov.  SO 

Nov.  21 1 

SUgtat. 

Con., 
earthy. 

0.00' 

4.00 

1.75 

1 

2.25 

.0060 

.0314 
.0286 

.31; 

.0100 

.0002 

3729   Deo.  17 
3886   Jan.  21 

Dec.  IB 

99. 

Jan.  22 

Very  slight. 
Slight. 

Very  slight. 
VerysUght. 

0.60 
0.40 

3.46 
2.75 

1.40 
0.90 

2.05 
1.85 

.0024 
.0002 

.0178 
.0164^ 

.0152 
.0124 

.30 
.30 

.0070 
.0060 

.0000 
.0000 

4123   Feb.  25 

Feb.  26 

Very  slight. 

Slight. 

0.45 

2.95 

1.10 

1.85 

.0002 

.0136 
.0114 

.29 

.0050 

.0003 

4395   Mar.  26 

1 

Mar.  27 

Slight. 

VerysUght. 

0.40 

1 

2.80 

0.80 

1.80 

.0004 

.0186 
.0158 

.80 

.0050 

.0001 

4559    Apr.  23 

Apr.  a* 

Distinct. 

Considera- 
ble. 

0.45 

2.80 

1.00 

1.80 

.0000 

.0220 
.0142 

.31 

.0020 

.0002 

4660    May  13 

May  14 

Distinct. 

Slight. 

0.55 

2.86 

1.25 

1.60 

.0016 

.0270 
.0200' 

.32 

.0020 

.0002 

4743    May  26 

May  28 

1 

Decided. 

Con.,  light 
green. 

0.60 

' 

.0008 

.a370 

.0224 

.34 

1 

.0040 

.0005 

Av. 

1 

0.75 

4.44 

!.«. 

2.51 

.0028 

.0411 

.31 

1 

.0058 

.0001 

IlHrdness  in  May,  1BS8, 0.5.  Odor  generally  vegetable  and  grassy,  sometlmeA  mouldy. Baiuples  206 

to  2026  were  collected  from  the  reservoir  near  the  gate-boufie  5  feet  beneath  the  surface.  Ail  others 
were  collected  at  a  depth  of  6  inches  to  2  feet  beneath  the  surface.  Samples  4123  to  4743  were  collected 
40  to  -M)  feet  from  shore. 


MicroscopiccU  Examination, 


IMS. 

1»»9. 

'""*• 

July. 

Aag. 

Aug. 

Sept. 

Oct. 

Oct. 

Nov. 

Dec. 

Jan.  Feb. 

Mar. 

Apr.  1  May. 

May. 

1.  Blue-green  Alg», 

pr. 

20.5 

4.3 

2.6 

- 

2.0 

0.2 

pr. 

0.0 

0.0 

0.0 

0.0     pr. 

pr. 

0.0 

2.  Other  Algss, 

11.6 

3.0 

0.0 

2.3 

- 

0.5 

1.6 

11.3 

0.6 

1.1 

0.2 

1.1     4.2 

pr. 

2.0 

8.  Fungi,  . 

0.0 

0.0 

0.0 

0.0 

- 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0     0.0 

1 

0.0 

0.0  • 

4.  Animal  Forms,   . 

0.4 

pr. 

O.l  [  0.7 

- 

0.9 

pr. 

0.3 

0.0 

0.0 

1.0 

8.1  1  0.1 

0.2 

1.0 

Groups  and  principal  genera  of  organisms  observed :  1.  Cyanophyceas.  Anab/rnat  ClathrocyHU 
2.  PnlmellioeaB;  Zoospor^n;  Desm1dlac4>a9 ;  Dtatomacen,  Atterionetlaf  MeloHra,  Tabeilaria;  Zygnoui- 
aoesB.    4.  Protozoa;  Spongiaria;  Rotifera;  Entomostraca. 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Chemical  Examination  of  Water  frofn  Salisbury  Brook  Storage  Beservoir, 
collected  15  feet  beneath  the  surface. 

[Parti  per  100,000.] 


Datk  of 

ArriARAMOS. 

RasiDns  ON 

EVAPOBATIOW. 

Ammovxa. 

j 

NiTBOGsar 

AS 

§ 

j 

.1 

i 

1 

1 

1 

§1 

1 

1 

i 

1 

z 

X 

4744    May  25 

S9. 
May  28 

Decided. 

Conild'ble, 
light  green. 

0.66 

- 

- 

- 

.0024 

.0868 

one 

.83 

1     • 

.0030- .000» 

Odor,  very  faintly  vegetable. The  sample  was  collected  from  the  reservoir  about  40  feet  from 

shore  and  15  feet  beneath  the  surface.    The  total  depth  of  the  reservoir  at  this  point  Is  about  18  feet  at 
high  water. 

Microscopical  Examination, 

May,  1889.    1.  Blue-green  algie,  pr.;  2.  Other  algs,  1.1.    Groups  and  principal  genera  of  organisms 
observed:  1.  Cyanophycees.    2.  Palmeilaceae;  Zoosporene;  Diatomaceie. 


Chemical  Examination  of  Water  from  a  faucet  at  City  Hall,  Brockton. 

[Parts  per  100.000.] 


Datk  or 

Appbabanob. 

Residcr  om 

EVArPURATION. 

AMMONIA. 

.80 

NiTROOBH 
AS 

a 

a 

i 

§1 

a- 

1 

1 

1 

1 

i 

1 

i 

1^ 

1 

8 

1 

1            18 

207  j  June  27 

87. 
June  28 

Slight. 

Slight. 

1.10 

4.80 

1.70 

3.10 

1 

.0020 

.0331 

1 

1.0060 

_ 

423 

July  27 

July  28 

Decided. 

Very  Blight. 

1.20 

4.75 

1.85 

2.90 

.0015 

.0475 

.81    .0130 

- 

737 

Sept.  12 

Sept.  13 

Decided. 

Con.,  green. 

1.20 

6.15 

2.82 

8.33 

.0036 

,0789 

.33 

.0230 

- 

841 

Sept.  22 

Sept.  23 

,  Decided. 

Consid»ble. 

1.00 

6.45 

2.40 

8.05 

.0144 

.0671 

.32 

.0090 

- 

1051 

Oct.  26 

Oct.  27 

!  Decided. 

Slight. 

0.75 

4.60 

2.20 

2.40 

.0082 

.0366 
.0344 

.86 

.0200 

- 

1238 

Nov.  21 

Nov.  22 

Distinct. 

Slight. 

1.00 

4.60 

1.90 

2.70 

.0030 

.0320 

.39 

.0180 

- 

1405  1  Dec.  21 

Dec.  22 

Decided. 

Considera- 
ble. 

Very  slight. 

1.30 

6.95 

2.25 

3.70 

.0032 

.04481 

.39 

.0130 

.0000 

1604 

18 

Jan.  23 

88. 
Jan.  24 

Slight. 

0.00 

4.70 

1.90 

2.80 

i.0020 

1 
.0245 

.80 

1 

.0200 

.0001 

1857    Feb.  17   Feb.  18 

Very  slight. 

Very  Blight. 

1.10 

5.00 

1.85 

3.16 

.0033 

.0279! 

.41! 

.0150 

.0000 

2042    Mar.  19   Mar.  20 

Slight. 

Slight. 

0.60 

3.75 

1.35 

2.40 

'.0004 

.0186; 

.34 

.0070 

.0001 

2270    Apr.  20   Apr.  21  ^ 

Slight. 

Slight. 

0.45 

2.65 

0.85 

1.80 

1.0012 

.0204 

.29 

.0120 

.0001 

2460 

May  18  \  May  19 

Distinct. 

Coosld'ble. 

0.60 

3.85 

2.15 

1.70 

.0010 

.0312 

.28, 

.0060 

.0001 

2627 

June  18 

June  19 

Very  slight. 

Slight. 

1.20 

8.90 

1.80 

2.30 

.0004 

.0248 
.0210 

.25 

.0070 

.0001 

2821 

July  23 

July  24 

Decided. 

Slight. 

0.90 

8.80 

1.60 

2.20 

.0048 

.0312 
.02941 

.28 

.0160 

.0003 

2993 

Aug.  20 

Aug.  21 

Distinct. 

Slight. 

0.60 

4.45 

1.60 

2.85 

.0082 

.0382 ' 
.0284 

.27 

.0200 

.0004 

3250 

Sept.  24 

Sept.  2) 

Slight. 

SliKht, 

green. 

0.40 

4.25 

1.80 

2.45 

.0036 

i 

.0446 
.0294; 

.29 

.0200 

.0002 
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Chemical  Examination  of  Water  from  a  Faucet  -at  City  Hall,  Brockton  —  Con. 


Datc  of 

Appbarancb. 

Rksiduk  on 

EVAfOBATIOH. 

AJIMO^flA. 

i 

.31 

Nitrogen 

AS 

iS 

1 

i^ 

1 

1 
1 

6 

1 

ii 

1 

1 

|l 

^ 

^ 

U18 

18 

Oct.  22 

88. 
Oct.  23 

Distinct. 

Slight. 

1.00 

4.35 

1.80 

2.55 

.0084 

.0306 
.0266 

1 
'.0090 

.0003 

357B 

Nov.  20 

Nov.  21 

g 

Slight. 

Very  slight. 

1.30 

8.90 

1.00 

2.80 

.0008 

.0274 
.0248 

.29 

.0150 

.0002 

3730 
3887 

Dec.  17 

18 

Jaa.  21 

Dec.  ll 

8». 

Jan.  22 

SUght. 
Very  alight. 

Considera- 
ble, black. 

Slight. 

0.60 
0.50 

8.20 
2.80 

1.20 
1.05 

2.00 

i.ro 

.0000 
.0010 

.0164 
.0142 

.0126 
.0114 

.39 
.30 

.0080 
.0050 

.0001 
.0001 

4m 

Feb.  25 

Feb.  26 

Dlatioct. 

Much,  red- 
dish brown. 

0.45 

3.35 

1.05 

2.80 

.0002 

.0146 
.0104 

.31 

.0070 

.0001 

4396 

Mar.  26 

Mar.  27 

Distinct. 

Slight. 

0.45 

2.95 

0.75 

2.20 

.0006 

.0206 
.0148 

.30 

.0060 

.0001 

4560 

Apr.  23 

^pr.24 

Slight. 

Slight, 
rusty. 

0.50 

2.90 

0.85 

1.95 

.0004 

.0220 
.0176 

.82 

.0040 

.0002 

4681 

May  18 

May  14    VeryaUght. 

None. 

0.45 

3.30 

1.35 

1.95 

.0018 

.0190 
.0178 

.31 

.0060 

.0004 

Av. 

I| 

0.80 

4.69 

1.94 

2.75 

.0027 

.0319 

.32 

.0119 

0002 

II 

Hardness  In  May,  18S8, 1.4.    Odor,  generally  faintly  grassy  and  vegeUble,  seldom  mouldy. The 

samples  were  collected  from  a  faacet  in  City  Hall  at  about  the  centre  of  distrlbatlon  and  2^  miles  from 
the  reservoir. 


Microscopical  Examination, 


1888. 

1888. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1,   Blue  green  AlgsB, 

Pr 

0.2 

0.9 

0.2 

0.1 

pr. 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

2.   Other  Algse,.        .        .        .        . 

2.1 

0.9 

0.8 

pr. 

5.1 

3.3 

pr. 

0.3 

1.5 

2.2 

2.4 

0.0 

J.   Fungi, 

0.0 

80.0 

0.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.   Animal  Forms 

pr. 

pr. 

0.1 

0.0 

pr. 

pr. 

0.0 

0.0 

1.0 

2.0 

0.1 

0.0 

Oronps  and  principal  genera  of  organisms  observed  :  1.  CyanophycesB.  2.  Zoosporeas ;  Desmidla* 
ees;  DiatomacesB,  MeloHra;  Zygnemaceas.  3.  Schlzomycetes,  Crmoihrix*  4.  Protozoa,  Dinobryon; 
fiotlfera;  Entomoatraca. 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Chemical  ExamincUion  of  Sample  from  Center  Street  Drain,  Brockton, 

[Parts  per  100,000.] 


Date  or 

Appbasaxcb. 

Rksidck  ow 
Evaporation. 

Ammokia. 

1 

1 

8.08 

NiTRoaKa 

AS 

1 

c 

1 

i 

Pi 

1 

1 

i 
a 

H 

§1 

p 

1 

1 

i 
if 

•< 

1 

1 

i 
1 

2704 

18  9A. 
Jaly  18  July  19 

Very 
1    decided. 

Much 
rusty. 

- 

60.90  10.00  40.40 
56.40  10.60  44.80, 

1         1          1 

.0200 

.0400 
.03001 

.4000  .0120 

w 

Odor,  mouldy. The  sample  was  collected  from  the  Center  Street  Drain  at  a  manhole  at  the 

comer  of  Bay  Street,  and  reprt'sents  the  dry. weather  flow  of  the  drain,  no  rain  haying  fallen  for  over 
a  week  and  the  depth  of  flow  being  but  about  1>«  Inches. 

Microscopical  ExamiiuUion. 
July,  1888.    3.  Fungi  (Schizomycetes),  0.6. 

Chemical  ExamiruUion  of  Water  from  Factory  Pond,  Brockton. 

[Parts  per  100,000.] 


Datk  op 

Appbarakcb. 

Rrsidur  ok 

EVAPURATIOX. 

Ammowia. 

i 

KiTROOKN 
Aa 

a 
2 

1 

1 

1 

1 

1 

i 

£  1 

i 

ll 

•< 

1 

1 

'A 

is'ns.       1 

1 

1 

S486   Oct.  31   Nov.    ll 

Slight. 

Slight 

1.3 

5.90   1.90    4.00 

.0084 

.0244 
.0198 

.84 

.0500  .0012 

1            18  S9. 

j 

4105    Mar.    4   Mar.   4 

Slight. 

Very  slight. 

0.2 

S.n  1.39^  3.» 

.0166 

.0162 
.0128 

.81 

1.1000  .0010 

1    1 

Odor,  earthy. The  samples  were  oollecied  from  the  pond  opposite  the  Ice-house. 


Water  Supply  of  Brookfield. 

Description  of  Works.  —  Population  in  1885,  3,013.  The  works 
are  owned  by  the  town  of  Brookfield.  Water  was  introduced  in  1889 
for  fire  purposes,  but  it  is  now  used  to  a  slight  extent  for  domestic 
purposes  also.  The  source  of  supply  is  a  small  storage  reservoir 
located  near  the  boundary  line  between  Brookfield  and  North  Brook- 
field. Its  area  is  about  1|^  acres,  in  addition  to  which  there  is  a 
considerable  area  flowed  to  a  slight  depth  at  high  water.  The  maxi- 
mum depth  of  the  reservoir  is  1 7  feet,  and  the  bottom  is  of  clay  and 
gravel.  The  drainage  area  of  about  70  acres  is  uninhabited  and 
consists  mainly  of  cultivated  and  pasture  land  ;  there  is  a  small  area 
of  woodland.     Distributing  mains  are  of  cast  iron. 
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Chemical  Examination  of  Water  from  Brookfiebl  Storage  Rexervoir. 

[Piirts  per  100,000.] 


Datk  op 

Rksidl'b  on 
Evaporation.     • 

AmfoxiA. 

■  P 

!    .18 

1 

NITROGBN 
All 

y. 

1 

3 

1^ 

H 

*i 

1 

1 

4 

1. 

1 

i^ 

y. 

^ 

8 
4SoS   Judo  19 

4869  June  19 

June  20 

June  20 

1 

Di^tinct. 
Dlatlnot. 

Considera. 
ble. 

Heavy. 

1.2 
1.4 

i 

- 

'  1 

.0018 
.0206 

.0680 
.0508 

.0526 
.0388 

.0030 
.0080 

- 

Odor  of  No.  4858,  distinctly  vegetable ;  of  No.  4859,  disagreeable. No.  4868  was  collected  from  the 

reservoir.    No.  4850  was  collected  from  a  faucet  in  the  village  of  Brookfleld. 


Water  Supply  of  Brookline. 

Description  of  Works.  —  Population  in  1885,  9,196.  The  works 
are  ownecl  by  the  town.  Water  was  introduced  in  1875  ;  the  average 
daily  consnmption  in  1888  was  835,000  gallons.  The  source  of 
supply  is  a  filter-gallery  on  the  right  bank  of  Charles  River  at  West 
Roxbury.  The  gallery  is  built  in  three  sections.  The  first  section 
is  491  feet  long,  the  second  271  feet  and  the  third  300  feet.  The 
first  and  second  sections  of  the  gallery  are  connected  by  a  pipe  con- 
duit 389  feet  in  length,  and  the  third  section  is  practically  an  exten- 
sion of  the  second,  diflfering  from  it  in  size  and  manner  of  construction. 
The  first  two  sections  are  4  feet  wide  with  side  walls  2  feet  high  of 
stone  laid  dry.  The  arch  is  of  brick  laid  in  cement.  The  third 
section  is  larger  than  the  others,  being  6  feet  wide  and  6  feet  high, 
with  side  walls  laid  in  cement  and  arched  like  the  others.  A  ditch 
has  been  dug  from  the  river  alongside  the  second  section  of  the 
gallery,  and  when  necessary  this  ditch  is  filled  with  water  from  the 
river  to  increase  the  amount  filtering  into  the  gallery.  A  direct 
connection  has  also  been  built  between  this  ditch  and  the  gallery  in 
order  that  river  water  may  be  taken  direct  if  necessary.  This  connec- 
tion is  said  to  have  been  used  but  once.  The  bottom  of  the  gallery  is 
6  feet  below  the  river  in  its  lowest  stage.  Pumps  force  the  water 
from  the  filter-gallery  to  an  open  distributing  reservoir.  The  shape 
of  this  reservoir  is  an  irregular  oval.  Its  depth  when  filled  to  high- 
water  mark  is  20  feet,  and  its  corresponding  capacity' 6,050,000 
gallons.     The  slopes  and  bottom  are  lined  with  clay  puddle,  the 
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80  .WATER  SUPPLY  AND   SEWERAGE.  [Dec. 

layer  on  the  slopes  having  a  ihickness  of  18  inches  and  that  on  the 
bottom  12  inches.  The  bottom  puddle  is  covered  with  a  layer  of 
concrete  4  inches  in  thickness,  and  the  slopes  with  12  inches  of  broken 
stone  upon  which  is  laid  a  dry  slope  wall  of  stone.  The  water  enters 
the  reservoir  at  one  end  and  is  drawn  from  it  at  the  same  place.  At 
a  point  on  the  main  pipe  about  half  way  between  the  source  of  supply 
and  the  reservoir  a  second  pump  is  located,  which  forces  water  from 
the  main  to  an  iron  tank,  30  feet  high  and  50  feet  in  diameter,  used 
for  high-service  distribution.  The  tank  was  originally  open  at  the 
top,  but  was  covered  to  exclude  light  Aug.  11,  1887.  Distributing 
mains  are  of  cast  iron,  service  pipes  are  generally  of  wrought  iron 
lined  with  cement,  though  lead  is  also  used.  There  are  also  a 
few  of  enameled  iron,  which  was  used  at  the  time  the  works  were 
built. 

The  water  when  pumped  from  the  filter-gallery  has  always  been 
free  from  odor  and  taste  ;  but,  after  standing  in  the  reservoir,  and  in 
the  high-service  tank  before  it  was  covered,  it  acquired  a  disagree- 
able taste  and  odor.  Since  the  high-service  tank  was  covered,  the 
water  in  it  has  not  deteriorated.  In  1879,  in  order  to  secure  cir- 
culation in  the  distributing  reservoir  and  thereby  prevent  the  recur- 
rence of  the  disagreeable  taste  and  odor,  the  inlet  pipe  was*  extended 
around  the  reservoir  to  a  point  opposite  the  gate-house  ;  and,  after 
thoroughly  cleaning  the  reservoir,  practically  all  the  water  used  for 
the  supply  of  the  town  was  passed  through  it,  entering  at  one  end 
and  flowing  out  from  the  opposite  end.  The  amount  of  water  in  the 
reservoir  at.  this  time  was  usually  not  over  a  day's  supply  for  the 
town,  and  as  a  consequence  most  of  the  water  was  changed  every 
day.  It  was  soon  found,  however,  that  the  quality  of  the  water  was 
not  appreciably  improved  by  this  arrangement,  and  it  was  given  up. 
At  present  the  water  in  the  low-service  reservoir-  is  changed  as  little 
as  possible,  water  being  pumped  at  about  the  same  rate  as  it  is  used. 
From  April  1  to  December  1  the  pumps  are  run  from  6  a.m.  to  10  p.m. 
During  the  remaining  four  months  the  pumps  are  run  twelve  hours 
per  day,  which  is  found  to  be  sufficient  to  prevent  complaints  at  that 
season  of  the  year. 
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Chemical  Examination  of  Water  from  the  FiUer-Oallery  of  (he  Brookline 

Water  Works, 

[Parts  per  100,000.] 


Datb  or 


& 


42 
S54 
405 

712 
014 
1120 
1S&4 


155S 
1768 
1969 
2179 
2372 
2558 
2708 
2S92 


8448 


18 

Jane  tt 

Jnly  6 
Aug.  8 
Sept.  8 
Oct.  10 
Nov.  8 
Dec.    8 

18 

Jan.    9 


Feb.  7 
Mar.  7 
Apr.  10 
May  8 
Jane  6 
July  4 
Aug.  7 
Oct.  10 
Oct,  25 
8504  1  Nov.  7 
8658   Dec.    5 

!      IS 

8809  ,  Jan.  22 


I 


8077 


Feb. 


4055 

Feb.  20 

4288 

Mar.  7 

4109 

Apr.  11 

4633 

May  8 

87. 

Jane  7 

July    6 

Aug.  8 

Sept.  9 

Oct.  11 

Nov.   9 

Dec.    9 

88. 
Jan.  10 

Feb.    8 

Mar.   8 

Apr.  11 

May    9 

Jane  7 

July    5 

Aug.  8; 

Oct.  11 

Oct.  28 

Nov.   8 

Dec.    6 

88. 

Jan.  23 

Feb.  7 
Feb.  21 
Mar.  8 
Apr.  12 
May    9 


Av. 


Appbakakcb. 


None. 
None. 
None. 
None. 
None. 
None. 
Very  slight. 

None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 

None. 
Very  alight. 
None. 
None. 
Very  Blight, 
None. 


Very  alight. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

Very  slight. 

None. 

None. 

None. 

None.' 

None. 

None. 

SU*t.brown. 

None. 


0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.05 
0.20 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.9D 

0.10 
0.00 
0.00 
0.05 
0.00 
0.00 

0.03 


Rksiddx  on 

EVAPOaATION. 


l^ 


7.90 
6.65 
6.65 
7.30 
7.06 
7.15 
7.35 

7.45 
7.15 
7.10 
6.15 
6.80 
7.05 
6.55 
6.80 
6.96 
7.00 
6.85 
5.50 

6.65 
6.10 
6.25 
6.40 
6.90 
7.10 


6.79   - 


AmOMIA. 


.0002 
.0006 
.0010 
.0004 
.0008 
.0000 
.0000 

.0000 
,0000 

.0004 
.0000 
.0000 
.0006 
.0000 
.0000 
.0016 
.0000 
.0000 
.0000 

.0000 
.0002 
.0002 
.0000 
.0000 


1^ 


0018 
.0049 

0055 
.0017 
.0016 

0018 

0021 

.0044 
.0010 


0002 
0042 
0048 
.0046 
.0042 
.0062 
.0056 
.0030 
.0100 

.0062 
.0058 
.0022 
.0034 
.0062 


0014  .0026 


NrrBOOB« 


0820 


0200 

0260 
.0260 

0860 
.0230 

0600 

0700 
.0250 

0400 
.0250 
.0280 
.0400 

0800 

0280 
.0200 
.0280 
.0240 
.0260 

.0200 
.0880 
.0280 
.0400 
.0250 
.0040 


0003  .0041   .53  .0299  .0000 

J L 


0000 
0000 
0001 
0001 
.0000 
0001 
0000 
0000 
0001 
0000 
0000 
.000^ 

.0001 
.0001 
.0000 
.0000 
.0000 
.0000 


HardneM  In  Kfty»  1888,  3.6.    Odor,  none. The  samples  were  collected   from  a  faooet  at  the 

poiDping  station  wliUe  pumping. 
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[Dec. 


Microscopical  Examination. 


1S8S. 

1889. 

Apr. 

May.  June. 

July. 

Aug. 

Oct. 

Oct. 

Nov.  Dec. 

,Jan. 

1 

Feb. 

Feb. 

Mar. 

Apr.    M.y. 

1.  Blue-green  AlgiB, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algn, 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

pr. 

pr. 

pr. 

3.  Fungi, . 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

4.  Animal  Formti  . 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Oroupe  and  principal  genera  of  organisms  obeerved:    2.  ZoosporeeB;   Diatomacen.    3.  Schizomy- 
cetes. 


Chemical  ExamificUum  of  WcUer  from  the  Distributing  Reservoir  of  ili^  Brookline 

Water  Works. 

[Parl«  per  100,000.] 


Date  of 

Appkarangb. 

Kksidltk  on 
Evaporation. 

AHHOKIA. 

1 

1 

.44 

NiTROOEX 
AS 

i 

s 

1 

|i 

1 

«j 

1 

X 

si 

i 

1 

< 

s 
1 

>5 

1 

68 

1. 

June   8 

87. 

June  9 

Milky. 

None. 

0.10 

6.80 

" 

_ 

.0010 

.0190 

.0260 

_ 

255 

July    6 

July    6 

Slight. 

None. 

0.00 

6.62 

- 

.0002 

.0125 

.56 

.0000 

- 

496 

Aug.  8 

Aug.  8 

Very  slight. 

None. 

0.00 

6.70 

- 

- 

.0003 

.0114 

.51 

.0000 

- 

713 

Sept.  8 

Sept.  9 

Distinct. 

Slight. 

0.00 

6.92 

- 

- 

.0005 

.0124 

.53 

.0030 

- 

915 

Oct.  10 

Oct.  11 

Distinct. 

Very  slight. 

0.05 

7.10 

- 

- 

.0007 

.0148 

.52 

.0000 

- 

1122 

Nov.   8 

Nov.   9 

Decided. 

Considera- 
ble, white. 

0.00 

7.25 

- 

- 

.0000 

.0182 

.53 

.0030 

- 

1856 

Dec.    8 

Dec.    9 

Very  Blight. 

None. 

0.00 

7.30 

- 

.0000 

.0054 

.58 

-0280 

_ 

1559 

18 

Jan.    9 

88. 
Jan.  10 

Slight. 

Very  slight. 

0.00 

7.35 

- 

- 

.0005 

.0136 

.68 

.0300 

.0001 

1767 

Feb.    7 

Feb.    8 

Slight. 

Very  slight. 

0.00 

7.10 

- 

- 

.0000 

.0104 

.54 

.0250 

.0003 

1967 

Mar.    7 

Mar.    8 

Distinct. 

Considera- 
ble, earthy. 

0.10 

7.55 

- 

.0004 

.0167 

.53 

.0150 

.0003 

2181 

Apr.  10 

Apr.  11 

Decided. 

Very  slight, 
white. 

0.20 

6.00 

- 

- 

.0000 

.0211 

.48 

.0050 

.0002 

2373 

May    8 

May    9 

Decided, 
green. 

Sli't,  green. 

0.05 

6.80 

- 

- 

.0002 

.0262 
.0120 

.52 

.0050 

.0001 

2559 

June  6 

June   7 

Slight. 

Considera- 
ble, white. 

0.00 

7.90 

- 

.0022 

.0172 
.0114 

.51 

.0040 

.0002 

2707 

July    4 

July    5 

Distinct. 

SUifht, 
white. 

0.03 

7.45 

- 

.0000 

.0104 
t008o 

.52 

1 

.0030 

.0000 

2893 

Aug.  7 

Aug.  8 

Distinct. 

Very  slight. 

0.00 

6.75 

__ 

- 

.0000 

.0160 
.0110 

.48 

.0000 

.0000 

8346 

Oct.  10 

Oct.  11 

Distinct. 

1 

Considera- 
ble, white. 

0.00 

6.70 

- 

- 

.0002 

.0112 
.0096 

.51 

.0060 

.0000 
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C?iemiefU  Examinalion  of  Water  from  the  Distributing  Reservoir  of  the  Brookline 
Water  Works — Concluded. 


DATS  OF 

Appkasancb. 

RSSIDnB  ON 

Evaporation. 

AVXONIA. 

.51 

MITROOKN 

1      " 

'A 

1 

ii 

H 

1 

1 

1 

|S 

^ 
£ 

i 

il 

-< 

^ 

1 

S449 

IS 

Oct.  25 

Oct.  26 

Slight. 

Considora- 
ble,  green. 

0.00 

7.35 
7.10 

- 

.0004 

.0186 
.0108 

.0070 

.0000 

3505 

Nov.    7 

Not.    8 

DittlQct. 

Hcavy.light 
green. 

0.00 

7.15 
6.80 

- 

- 

.0000 

.0176 
.0114 

.60 

.0070 

.0001 

3056 

3900 

I>ee.    5 

IS 

Jan.  22 

Dec.    6 

SS. 

Jan.  23 

Dittlnet. 
Slight. 

Slight, 
white. 

Slight, 
white. 

0.05 
0.05 

6.75 
6.85 

6.15 

- 

- 

.0002 
.0000 

.0204 
.0100 

.0182 

.oin 

.49 
.47 

.0120 
.0120 

.0003 
.0004 

8979 

Feb.     6 

Feb.    7 

Distinct. 

^'iSti. 

0.02 

4.70 
4.55 

- 

- 

.0008 

.0156 ' 
.0062 

.87 

.0120 

.0003 

4056 

Feb.  20 

Feb.  21 

DiaUnct. 

Slight, 
green. 

0.00 

6.95 
5.55 

- 

- 

.0008 

.0160 
.0060  1 

.43 

.0120 

.0006 

4239 

Mar.    7 

Mlar.    8 

DiBtinct. 

Cod.,  light 
green. 

0.05 

6.50 
6.00 

- 

- 

.0000 

.0218! 
.0074 

.55 

.0100 

.0002 

4500 

Apr.  n 

Apr.  12 

Very  alight. 

Very  slight. 

0.03 

6.95 

- 

- 

.0000 

.0080 
.0062' 

.55 

.0220 

.0001 

4634 

May     8 

May    9 

Distinct. 

Con.,  light 
green. 

0.00 

7.50 

- 

- 

.0002 

.0206' 

.55 

.0030 

.0001 

Av 

0.03 

6.78 

- 

.0003 

.0157  1 

.51 

.0100 

.0002 

1 

1 

Hardneas  in  Jnne,  1887,  3.4;  in  May,  1888,  4.2.    Odor,  vegetable  and  disagreeable. The  samples 

were  collected  from  the  reservoir.  The  reservoir  had  boen  drawn  down  ten  feet  when  No.  1122  was  col- 
lected. It  waa  entirely  emptied,  cleaned  and  refillejl  before  1356  was  collected.  The  reservoir  was  also 
drawn  off  and  cleaned  Jnly  18, 1888,  and  April  10, 1889. 


Microscopical  Eosamination, 


18S8.                                      1 

1»S0. 

Jane. 

July. 

Aug. 

Oct. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

rcb. 

Mar. 

Apr.'  May. 

1.  Blue-green  Algn, 

- 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  AlgsB,      . 

73.0 

250.3 

20.2 

32.3 

316.2 

801.8 

2598.8 

6.0 

90.6 

654.0 

1004.3 

2.6 

205.0 

3.  Fungi, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms, . 

pr. 

pr. 

pr. 

0.4 

pr. 

0.0 

0.0 

0.0 

8.3 

0.8 

0.4 

0.0 

0.5 

Oronpa  and  principal  genera  of  organisms  ob8cr^*ed :  2.  Palmellacen,  Ohlorococcua,  Protococciu ; 
ZoosporesB,  Pandorina,  Raphidium,  Scenede»mufi,  Tetratpora  ;  Desmidiaceee ;  DintomacesB,  Aiterion- 
ellat  StephanodUeu9,  Synedra ;  Volvoclneie,  Votvox,  4.  rrotozoA,J>inol>ryoH,  Peridinium;  Rotifera; 
Entomofltraca. 
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WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


Chemical  Examination  of  Water  Jrom  the  High  Service  Tank  of  the  Broohline 

Water  Works, 

[PafU  per  100,000.] 


Datb  of 

RaeiDUB  o» 
EvAPOKATioar. 

AMMOnA. 

.65 

'   NiTBOOBir 
AS 

1 

1 

f 

1 

1 

1 

§1 

1 

1 

ia 

X 

S 

256 

18 

Joly    5 

87. 

July    7 

Very  alight. 

Slight, 
rusty. 

0.00 

6.72 

- 

- 

.0000 

.0054 

.0200 

- 

TU 

Sept.  8 

Sept.  9 

Very  slight. 

Slight. 

0.00 

7.82 

- 

- 

.0000 

.0020 

.67 

.0200 

- 

016 

Oct.  10 

Oct.  11 

None. 

None. 

0.00 

7.40 

- 

- 

.0000 

.0021 

.55 

.0330 

- 

1121 

Nov.   8 

Nov.   9 

None. 

Veryelight. 

0.00 

6.95 

- 

- 

.0000 

.0019 

.56 

.0300 

- 

1865 

Dec.    8 

Dec.    9 

None. 

None. 

0.00 

7.80 

- 

- 

.0000 

.0024 

.61 

0300 

- 

1560 

18 

Jan.    0 

88. 

Jan.  10 

None. 

None. 

0.00 

7.25 

_ 

_ 

.0000 

.0008 

.56 

.0450 

.0001 

1786 

Feb.    7 

Feb.    8 

None. 

None. 

0.00 

7.40 

- 

- 

.0000 

.oas2 

.56 

.0300 

.0000 

1968 

Mar.   7 

Mar.    8 

Slight. 

None. 

0.05 

7.25 

- 

- 

.0004 

.0062 

.50 

.0350 

.0001 

2180 

Apr.  10 

Apr.  11 

Slight.  . 

Veryelight. 

0.30 

6.00 

- 

- 

.0004 

.0088 

.42 

.0200 

.0000 

2374 

May    8 

May    9 

None. 

Con.,brown. 

0.00 

7.40 

- 

- 

.0006 

.0058 

.57 

.0300 

.0000 

2560 

June  6 

June  7 

None. 

None. 

0.10 

8.70 

- 

.0000 

.0082 

.54 

.0200 

.0001 

2706 

July    4 

July    6 

Very  slight. 

None. 

0.00 

8.46 

- 

- 

.0000 

.0054 
.0046 

.52 

.0180 

.0000 

2894 

Aug.  7 

Aug.  8 

Slight. 

Veryelight. 

0.00 

6.28 

- 

- 

.0000 

.0054 
.0052 

.61 

.0230 

.0001 

8845 

Oct.  10 

Oct.  11 

Very  alight. 

Veryelight. 

0.00 

7.05 

- 

- 

.0002 

.0052 
.0052 

.54 

.0350 

.0002 

8450 

Oct.  26 

Oct.  26 

None. 

None. 

0.00 

7.25 
7.15 

- 

- 

.0004 

.0054 
.0054 

.55 

.0800 

.0000 

8506 

Nov.    7 

Nov.   8 

Veryelight. 

Slight. 

0.00 

7.15 
7.05 

- 

- 

.0000 

.0048 
.0044 

.60 

.0250 

.0000 

8667 
8001 

Dec.    5 

18 

Jan.  22 

Dec.    6 

89. 

Jan.  23 

None. 
Very  slight. 

Slight. 
Veryelight. 

0.10 
0.05 

6.65 
5.50 

5.60 
5.50 

„ 

. 

.0000 
.0000 

.0100 
.0092 

.0060 
.0050 

.46 
.46 

.0250 
.0300 

.0001 

.0601 

8078 

Feb.    6 

Feb.    7 

Veryelight. 

Slight. 

0.00 

6.15 

- 

- 

.0000 

.0052 
.0032 

.60 

.0400 

.0000 

4067 

Feb.  20 

Feb.  21 

None. 

None. 

0.00 

6.26 

- 

- 

.0004 

.0040 

.53 

.0210 

.0008 

4240 

Mar.    7 

Mar.  8 

Veryelight. 

Veryelight. 

0.05 

6.80 
6.50 

- 

- 

.0000 

.0030 
.0080 

.53 

.0850 

.0000 

4501 

Apr.  11 

Apr.  12 

None. 

Veryelight. 

0.00 

6.80 

- 

- 

.0000 

.0030 
.0028 

.56 

.0250 

.0000 

4685 

May    8 

May    9 

None. 

None. 

0.00 

6.00 

- 

- 

.0000 

.0080 
.0028 

.56 

.0400 

.0000 

Av. 

0.03 

6.79 

.0001 

.0044 

.58 

.0287 

.0001 

Hardneee  in  May,  1888, 8.5.    Odor,  none. The  eamplee  were  collected  from  a  faucet  at  the  blgfa> 

eervloe  Unk,  except  No.  2560,  which  wae  Uken  from  a  faocet  in  the  high-service  pumping  station  Just 
before  beginning  to  pump.  The  pumping  etation  ia  about  two  roilee  from  the  tank.  Samples  were  gen- 
erallv  taken  when  the  water  in  the  tonk  was  at  the  lowest  point  it  ie  allowed  to  reach  before  refilling, 
and  in  eome  eaeee  no  water  had  been  discharged  inio  the  tank  for  seven  days.  The  tank  wae  covered  to 
exclude  the  light  Aug.  11, 1887.  It  was  also  cleaned  on  that  date  and  found  to  contain  much  aedlment. 
It  hae  been  emptied  for  examination  since  that  date,  but  no  sediment  was  found. 
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Microscopical  EzamincUion. 

• 

19SS. 

IMO. 

Apr. 

Mmy. 

June. 

Jnlj. 

Aug. 

i- 

Oct 

Nor. 

D.... 

Jan. 

Feb. 

Feb. 

Mar. 

Apr. 

May. 

1.  Bine-green  Algae, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.0therAlgaB,        . 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0  1 

0.0 

0.0 

0.1 

0.0 

pr. 

0.2 

3.  Fungi..        .        . 

0.0 

pr. 

pr. 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forma,  . 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Oroupa  and  prlnelpftl  genera  of  organUma  obeeryed:  2.  PalmeUaoe»;  Dlatomace*.    3.  SchUomy- 
eet«a. 

Chemical  Examination  of  Water  from  Charles  River  opposite  the  FiUer-Oallert/ 
of  the  Brookline  Water  Works  at  West  Roxbury, 

[Parts  per  100,000] 


DATS  or 

Appbasavcb. 

RKaiDDB  ov 
EVAPORATIOK. 

AmoviA. 

1 

NiTROOBH 

Aa 

s 

1 

|i 

1 

1 

1 

^ 

§1 

1 

1 

|t 

1 

i 
s 

43 

IS 

Jane  0 

S7. 

Jane  8 

Very  alight. 

None. 

1.20 

5.15 

2.27 

2.88 

.0042 

.0423 

.44 

„ 

« 

253 

July   e 

July    6 

Very  alight. 

None. 

0.90 

4.92 

1.77 

3.15 

.0011 

.0251 

.38 

- 

- 

4M 

Aag.  8 

Aug.  8 

Very  alight. 

None. 

1.10 

5.85 

1.90 

8.96 

.0002 

.0274 

.32 

.0070 

- 

7U 

Sept.  8 

Sept.  0 

Slight. 

Slight. 

0.80 

5.67 

1.49 

4.18 

.0010 

.39 

.0070 

- 

913 

Oct.  10 

Oct.  11 

Very  alight. 

Very  alight. 

0.40 

4.80 

1.15 

3.65 

.0005 

.0202 

.53 

.0180 

- 

1119 

Nov.   8 

N-ov.   0 

Slight. 

SUght. 

0.60 

5.85 

1.15 

4.70 

.0008 

.0218 

.59 

.0080 

- 

1353 

Dec.    8 

Dec.    0 

Dlatlnct. 

SUght. 

0.70 

8.20 

1.96 

4.25 

.0009 

.0278 

.52 

.0180 

- 

1557 

IS 

Jan.    0 

S8. 
Jan.  10 

Slight. 

Very  alight. 

1.10 

4.95 

1.90 

3.06 

.0010 

.0261 

.32 

.0260 

.0000 

1766 

Feb.    7 

Feb.    8 

Slight. 

Conaldera. 
ble,  earthy. 

0.60 

5.86 

1.70 

3.66 

.0060 

.0257 

.34 

.0200 

.0000 

1906 

Mar.    7 

Mar.   8 

Slight. 

VeryaUght. 

0.70 

4.50 

1.60 

2.90 

.0003 

.0278 

.80 

.0100 

.0000 

2178 

Apr.  10 

Apr.  11 

DUtlnct. 

Very  alight. 

1.10 

3.50 

1.46 

2.05 

.0004 

.0247 

.24 

.0040 

.0001 

2371 

May    8 

May    9 

DUilnot. 

Con.,  dark 
brown. 

0.80 

4.10 

1.60 

2.60 

.0022 

.0264 

.34 

.0080 

.0000 

2557 

Jane   6 

June  7 

Very  alight. 

SUght. 

1.30 

4.80 

1.88 

2.92 

.00&4 

.0320 

.80 

.0050 

.0003 

2706 

July    4 

July    5 

Very  alight. 

Very  aUght. 

0.60 

4.55 

1.70 

2.85 

.0010 

.0234 
.0216 

.35 

.0080 

.0001 

2891 

Aug.  7 

Aag.  8 

Slight. 

VeryaUght. 

0.45 

4.69 

1.40 

• 
8.20 

.0000 

.0228 
.0206 

.42 

.0080 

.0001 

8343 

OcL  10 

Del,  11 

SUght. 

VeryaUght. 

1.20 

5.39 

2.26 

8.05 

.0026 

.0322 
.0800 

.87 

.0080 

.0003 

3447 

Oct.  85 

OcU  28 

Very  alight. 

VeryaUght. 

1.30 

5.00 

2.15 

2.85 

.0008 

.0268 
.0258 

.48 

.0100 

.0002 

8503 

Nov.   7 

Nov.   8 

Very  Blight. 

SUght. 

1.30 

5.25 

2.40 

t.85 

.0010 

.0298 
.0256 

.40 

.0060 

.0001 

8655 

Dee.   5 

Dec    8 

Veryellght. 

VeryaUght. 

0.60 

8.80 

1.40 

t.40 

.0006 

.0216 
.0186 

.36 

.0100 

.0001 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Chemical  Examination  of  Water  from  Charles  River  opposite  the  Filter- Gallery 
of  the  Brookline  Water  Works  at  West  Roxbury  —  Concluded. 


Datk  or        1 

1 

APPKARAKCiE. 

Rkbiouk  Olf 

EVAPU  RATION. 

Ammonia. 

i 

.34 

NlTROOKM 
AS 

s 

j 

§ 

3 

<j 

1 

1 

1 

1 

.1 

< 

1 

9. 

i 
1 

3898 

18 

Jan.  22 

ftO. 

Jan.  23 

Very  Blight. 

Very  Blight. 

0.50 

3.40 

1.25 

2.15 

.0000 

.0166 
.0138 

.0060 

.0000 

3976 

Feb.    6 

Feb.    7 

Very  Blight. 

Very  Blight. 

0.60 

3.55 

0.80 

2.75 

.0002 

.01.V2 
.0130 

.83 

.0080 

.0002 

4054 

Feb.  20 

Feb.  21 

DUtinct. 

Slight. 

0.40 

4.00 

1.20 

2.80 

.0002 

.0176 
.0152 

.31 

.0060 

.0003 

4237 

Mar.    7 

Mar.    8 

DlBtlnct. 

Slight. 

O.SO 

'3.80 

1.50 

2.80 

.0002 

.0164 
.0150 

.36 

.0120 

.0002 

4498 

Apr.  11 

Apr.  12 

Slight. 

Very  slight. 

0.70 

3.65 

1.30 

2.55 

.0002 

.0224 
.0200 

.04 

.0040 

.0004 

4632 

May    8 

May    9 

Slight. 

Slight. 

1.20 

0.81 

4.50 

1.95 
1.66 

2.55 

.0018 

.0306 
.0258 

.32 

.0100  1.0002 

1 

Av. 

i   5.07 

8.41 

.0013 

.0254 

.37 

.0094  .0001 

HardneBB  In  May,  18S8,  1.6.    Odor,  generally  faintly  vegetable,  Beldom  mouldy. 
were  collected  from  the  river  near  the  fllter.gallery  of  the  Brookline  Water  WorkB  at 


The  samples 

West  Korbury. 


Microscopical  Examination, 


1SS8.                                       1 

18»0. 

June. 

July. 

Aug. 

Oct. 

Oct. 

Nov. 

Dec. 

Jan. 
0.0 

1 
Feb.  1  Feb. 

1 

Mar. 

Apr. 

May. 

1.  Blae-green  Algse, 

0.0 

0.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algie, 

pr. 

0.9 

1.8 

0.2 

0.6 

pr. 

0.0 

0.5 

0.3 

pr. 

2.9 

0.8 

0.9 

3.  Fungi,  . 

1.5 

0.5 

0.0 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forma,    . 

pr. 

0.2 

0.4 

0.5 

0.6 

0.0 

0.0 

pr. 

pr. 

0.0 

0.6 

pr. 

0.0 

Groupaand  principal  genera  of  organisms  observed:  1.  Cyanophyceae.  2.  Palmellaccse ;  ZooHporeae ; 
Desmidlaceie;  Diatomaceaa,  Synedra.  S.  SchlEomycetes,  Orenoihrix.  4.  Protozoa;  Sponglarla;  Annelida; 
Entomoslraca. 


Water  Supply  of  Cambhidge. 

Description  of  Works.  — Population  in  1885,  59,658.  The  works 
are  owned  by  the  city.  Water  was  introduced  in  1856.  The  average 
daily  consumption  in  1888  was  4,138,000  gallons.  The  sources 
of  supply  are  Fresh  Pond  in  Cambridge  and  a  storage  reservoir  on 
Stony  Brook  in  Waltham  and  Weston. 
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Fresh  Pond,  the  original  source  of  supply,  is  a  natural  pond.  Its 
maximum  depth  is  about  46  feet.  The  character  of  the  bottom 
is  variable,  consisting  of  clay,  gravel  and  vegetable  deposits. 
Many  improvements  have  recently  been  made  in  the  pond  and 
its  immediate  surroundings  to  make  it  a  more  satisfactory  reser- 
voir for  the  storage  of  water.  Several  **  nooks"  in  which  the  water 
was  shallow  have  been  cut  off  from  the  pond  by  means  of  dams,  and 
others  have  been  deepened,  so  that  practically  the  entire  area  of  the 
pond  has  now  a  depth  of  at  least  9  feet  at  high  water.  In  mak- 
ing these  improvements  the  area  of  the  pond  has  been  reduced 
about  20  acres,  and  its  present  area  is  about  165  acres.  The  bound- 
aries of  the  area  contributing  water  to  the  pond  are  somewhat  indefi- 
nite, since  much  of  the  water  entering  the  pond  filters  through  the 
ground  from  areas  beyond  the  superficial  watershed ;  moreover,  the 
contributing  area  enlarges  as  the  pond  is  drawn  down.  By  the  latest 
estimates  this  area  is  placed  at  569  acres.  It  contains  a  large 
population. 

Stony  Brook  storage  reservoir  was  completed  in  1887.  It  is 
about  1^  miles  in  length  and  one-fourth  of  a  mile  in  width.  The 
shores  are  bold  and  rocky  and  the  available  depth  of  water  in  the 
reservoir  when  full  is  20  feet.  Its  area  is  75  acres  ;  capacity,  354,- 
000,000  gallons;  average  depth,  about  15  feet.  The  bottom  and 
sides  were  carefully  cleaned  by  removing  the  mud  or  by  covering 
it  with  gravel,  and  by  removing  the  trees,  stumps  and  other  objec- 
tionable matter.  About  80,000  cubic  yards  of  mud  were  taken  out. 
The  bottom  is  now  of  clay  in  some  places  and  of  gravel  and  bowlders 
in  others.  There  is  practically  no  shallow  flowage.  The  drainage 
area  of  21  square  miles  includes  much  of  the  area  of  the  towns  of 
Weston  and  Lincoln,  a  considerable  area  in  the  city  of  Waltham, 
and  a  very  small  one  in  Lexington.  At  the  head  of  Stony  Brook  is 
Sandy  Pond,  which  is  the  source  of  the  water-supplies  of  the  towns 
of  Concord  and  Lincoln  ;  it  has  an  area  of  about  152  acres.  On  a 
small  branch  which  enters  Stony  Brook  below  Sandy  Pond  is  Beaver 
Pond,  which  is  said  to  have  an  area  of  about  20  acres.  There  are  no 
other  large  ponds  in  the  drainage  area.  The  region  contains  two  hills 
of  considerable  height,  but  is  otherwise  a  gently  rolling  country, 
containing  a  scattered  farming  population  and  a  few  small  villages. 
The  total  population  is  about  1,900,  or  90  to  the  square  mile. 
There  ,is  no  sewerage  system  in  any  portion  of  this  area,  and  only 
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88  WATER  SUPPLY  AND  SEWERAGE.  [Dec. 

a  very  small  population,  in  the  town  of  Lincoln,  is  provided  with  a 
public  water  supply. 

High-water  mark  in  the  Stony  Brook  storage  reservoir  is  about  65 
feet  above  that  in  Fresh  Pond.  Water  flows  from  the  former  into 
the  latter  through  a  single  line  of  cast-iron  pipe.  This  pipe  is  36 
inches  in  diameter  from  the  storage  reservoir  to  a  point  opposite  the 
pumping  station  of  the  Waltham  water  works,  and  30  inches  in 
diameter  the  remainder  of  the  distance  to  Fresh  Pond.  At  the  pond 
provision  is  made  for  aerating  the  water  by  discharging  it  into  the  air 
through  numerous  apertures  in  a  cap  on  the  end  of  the  pipe.  The  pond 
is  now  used  to  a  great  extent  as  a  storage  reservoir  for  Stony  Brook 
water.  This  water  was  first  let  into  the  pond  in  large  quantities, 
Nov.  5,  1887,  and  the  change  produced  in  the  character  of  the  water 
in  the  pond  by  the  admission  of  the  reservoir  water  can  be  seen  by 
reference  to  the  chemical  analyses  of  the  water  of  the  pond  as  given 
on  pages  90  and  91.  From  Fresh  Pond  pumps  force  the  water  to  an 
open  distributing  reservoir  used  to  supply  the  low-service  districts, 
and  to  a  covered  iron  standpipe  used  to  supply  the  high-service 
districts.  The  distributing  reservoir  is  340  feet  long,  170  feet  wide 
and  15  feet  deep.  It  is  divided  by  a  partition  wall  into  two  parts, 
each  of  which  has  a  separate  supply  pipe.  Its  total  capacity  is 
5,375,000  gallons.  The  bottom  is  covered  with  a  layer  of  concrete 
4  inches  in  thickness,  and  the  slopes  are  paved  with  granite  blocks 
laid  in  cement.  The  standpipe  is  5.4  feet  in  diameter,  and  is  pro- 
tected by  a  circular  building  which  is  used  as  an  observation  tower. 
Distributing  mains  are  of  cast  iron.  Service  pipes  are  of  galvanized 
iron. 

In  1876  a  conduit  was  built  to  connect  Fresh  Pond  with  Welling- 
ton Brook  and  a  filter-gallery  on  the  shore  of  Little  Pond,  and  the 
city  depended  upon  these  auxiliary  sources  of  supply  to  fill  up  Fresh 
Pond  in  the  winter  and  spring  when  the  water  was  of  the  best 
quality ;  but  on  account  of  the  increasing  danger  of  pollution  these 
sources  of  supply  were  abandoned  upon  the  completion  of  the  Stony 
Brook  works. 
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Chemieal  Examination  of  Water  from  Stony  Brook  Storage  Reservoir  in  Wallham. 

[Part*  per  100,000.] 


Datb  of 

Rksiddb  on 
evaporatiok. 

.46 

N'lTKOQBlf 
AS 

1 

1 

1^ 

1 

* 

i 

§1 

13 

2 

1 

il 

< 

s 

1 

41 

Jone   6 

87. 

June 

8 

Very  Blight. 

None. 

1.30 

6.72 

3.26 

8.47 

.0060 

.0662 

.0000 

1 

^ 

337 

July  14 

Jaly 

15' 

Difltlnct. 

Slight. 

0.70 

6.25 

1.72 

4.63 

.0006 

.0207 

.85 

.0080 

- 

616 

Aug.  0 

Aug. 

11 

Very  alight. 

Slight, 
rusty. 

1.00 

6.02 

1.80 

4.12 

.0024 

.0266 

.45 

.0000 

715 

Sept.  8   Sept. 

0 

Decided. 

Slight. 

0.70 

6.80 

1.12 

6.18 

.0061 

.0366 

.42 

.0030 

0&4 

Oct.  13,  Oct. 

14 

Distinct. 

Blight. 

0.70 

6.05 

1.26 

4.80 

.0074 

.0340 

.43 

.0070 

- 

UU 

Nov.    7 

Nov. 

8 

Slight. 

Slight. 

0.45 

6.00 

1.76 

4.25 

.0071 

.0262 

.48 

.0080 

- 

1&&5 

lA 

Jan.     6 

Jan. 

0 

Slight. 

Very  Blight. 

0.80 

6.30 

1.86 

8.45 

.0004 

.0226 

.26 

.0480 

.0000 

17T5 

Feb.    6   Feb. 

8 

Slight. 

Very  slight. 

0.20 

4.35 

l.SO 

8.05 

.0102 

.0146 

.10 

.0200 

.0000 

1900 

Mar.    6   Mar. 

7 

DIatinct. 

Slight. 

0.60 

4.65 

1.70 

2.05 

.0060 

.0868 

.34 

.0180 

1 

.0001 

2173 

Apr.   0  '  Apr. 

10 

Slight. 

Very  Blight. 

0.75 

4.20 

1.45 

2.75 

.0012 

.0276 

.80 

.0100 

.0002 

23«7   May    7  |  May 

8    Slight. 

Very  slight. 

1.00 

6.16 

1.95 

8.20 

.0008 

.0248 

.41 

.0120  .0002 

1 

2578 

June   7 

June 

8 

Very  Blight. 

1 

CoDsidera- 
bie. 

1.00 

5.50 

2.15 

8.85 

.0018 

.0368 
.0272 

83 

'.0080 

.0008 

2745 

July    0 

July 

10 

Very  slight. 

Slight. 

O.iK) 

5.40 

2.20 

3.20 

.0040 

.a346 
.0224 

.37 

.0100 

.0002 

2870 

Aug.  2 

Aug. 

3 

Distinct. 

SUght. 

0.70 

5.05 

1.40 

3.85 

.0010 

.0288 
.0234 

.41 

.0020 

.0002 

30M 

Sept.  6 

Sept. 

7 

Decided. 

Slight. 

0.60 

5.40 

2.10 

8.80 

.0046 

.0322 
.0246 

.84 

.0090 

.0003 

8312 

Oct.     4 

Oct. 

5 

!  Slight. 

Slight, 
green. 

1.30 

6.05 

2.35 

8.70 

.0060 

.0304 
.0348 

.80 

.0080 

.0002 

3507 

Not.   7 

Nov. 

8 

Very  slight. 

Slight. 

1.10 

6.30 

2.70 

8.60 

.0012 

.0274 
.0262 

.44 

.0160 

.0001 

S6» 

Dec.    OjDeo. 

7 

None. 

Very  slight. 

0.65 

4.40 

2.05 

2.35 

.0004 

.0176 
.0154 

.80 

.0400 

.0001 

8S32 

Ill 

Jan.    8 

1 

Jan. 

0 

Distinct. 

Slight, 
earthy. 

0.60 

4.15 

1.30 

2.85 

.0024 

.0268 
.0212 

.37 

.0280 

.0008 

8086   Feb.    7 

Feb. 

8 

Very  slight. 

Very  slight. 

0.30 

4.40 

1.20 

8.20 

.0008 

.0142 
.0114 

.30 

.0300 

.0002 

4245 

Mar.    7 

Mar. 

8 

Slight. 

Slight. 

0.60 

4.90 

1.80 

8.30 

.0026 

.0162 
.0132 

.40 

.0300 

.0002 

4470 

Apr.    4 

Apr. 

6 

Very  Blight. 

Very  slight. 

0.35 

4.40 

1.15 

8.25 

.0022 

.0232 
.0200 

.88 

.0200 

.0004 

4«17 

May    6 

May 

7 

Slight. 

Slight. 

0.80 

5.10 

2.10 

8.00 

.0016 

.0272 
.0248 

.38 

.0150 

.0003 

At. 

0.73 

6.64 

1.74 

8.80 

.0033 

.0286 

.37 

.0151 

.0002 

Hardness  In  May,  1888,  2.4.    Odor,  generally  faintly  vegetable. The  samples  were  collected 

from  the  reservoir  with  the  exception  of  No.  44,  which  was  collected  from  the  brook  just  above  the  dam 
before  the  reservoir  was  finished.  Nos.  837,  516,  716  and  1114  were  collected  near  the  middle  of  the 
reservoir  when  it  was  about  half  full.  For  heights  of  water  in  this  reservoir  at  the  times  when  samples 
of  water  were  collected  for  analysis,  see  page  92. 
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Microscopical  Examination. 


- 

1888.                                          1 

1880. 

Apr. 

May.' Jane.' July.'  Ang.l  Sept. 

Oct. 

Noy. 

-1 

Jan. 

Feb.  1  Mar. 

Apr.  1  May. 

1.  Blue-green  Alg», 

0.0 

- 

0.0 

0.1     0.1 

0.1 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 

2.  Other  AlgsD, 

pr. 

- 

0.9 

11.3 

6.3 

8.7 

1.9 

0.0 

0.4 

0.6 

0.3 

0.0 

0.2 

O.S 

8.  Fungi,  .... 

0.0 

- 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,  . 

0.0 

- 

4.0 

0.2 

3.2 

0.2 

0.1 

0.0 

0.1 

pr. 

0.0 

0.2 

pr. 

pr. 

Groups  and  principal  genera  of  organisma  observed:  1.  Cyanophyccaa.  2.  Palraellaeen,  Chlorococ- 
cub;  Zoosporen;  Desmidlacese ;  Dlatomaceae,  AaterUmeUat  MeloHra,  StephanodUcus ;  Zygnemacead. 
8.  Scbizomycetea.    4.  Protozoa,  2>«no6ryon, /Vr»d<n<um;  Rotlfera;  Entomoatraca. 


Chemical  ExamiTuUion  of  Water  from  Fresh  Pond  in  Cambridge, 

[Parta  per  100,000.1 


Datk  or 

Appkarakcs. 

Rksidub  ow 

EVAfORATlUM. 

AXMOlflA. 

2.11 

;   NiTROOBV 

1    " 

1 

a 

o 

i 

.1 

f 

1 

I 

H 

il 
1-^ 

i 

i 

1^ 

< 

^ 

'r. 

65 

18 

June   9 

87. 

June  10 

Slight, 
millcy. 

Very  slight. 

0.00 

17.12 

1.45 

15.67 

.0002 

.0184 

.0390 

- 

295 

July  11- 

July 

11 

Slight. 

Slight. 

0.00 

17.80 

3.10 

14.60 

.0012 

.0114 

2.07 

.0330 

- 

518 

Aug.  10 

Aug. 

11 

Slight. 

Blight. 

0.00 

16.80 

2.06 

14.75 

.0013 

.0139 

2.15 

.0260 

- 

706 

Sept.   7 

Sept. 

8 

Decided. 

Slight. 

0.00 

17.63 

0.90 

16.75 

.0049 

.0141 

2.25 

.0260 

- 

902 

Oct.,    7 

Oct. 

8 

Slight. 

Slight. 

0.10 

17.85 

2.15 

15.70 

.0000 

.0206 

2.03 

.0260 

- 

1112 

Nov.    7 

Nov. 

8 

^  Slight. 

Con.,  green. 

0.10 

18.70 

2.05 

16.65 

.0374 

.0312 

2.21 

.0240 

- 

1362 
1544 

Dec.    9 

18 

Jun.     C 

Dec. 

88. 
Jan. 

9 
6 

1  DUtinct, 
milky. 

Decided. 

Coosidera 

Slight, 
earthy. 

0.10 
0.20 

15.50 
14.35 

1.90 
2.15 

13.60 
12.20 

.0284 
.0242 

.0215 
.0182 

1.94 
1.62 

.0120 
.0180 

.0010 

1752 

Feb.    6 

Feb. 

6 

Slight. 

Very  slight. 

0.15 

12.40 

2.35 

10.05 

.0192 

.0191 

1.37 

.0300 

.0005 

1976 

Mar.    8 

Mar. 

8 

Slight. 

Very  slight. 

0.30 

11.35 

1.95 

9.40 

.0186 

.0106 

1.18 

.0300 

.0005 

2164 

Apr.    9 

Apr. 

9 

Distinct. 

Consid'ble. 

0.30 

11.20 

1.05 

10.15 

.0084 

.0259 

1.11 

.0200 

.0004 

23fla 

May     7 

May 

7 

Slight. 

Consld'blc. 

0.40 

10.60 

2.00 

8.60 

.0038 

.0240 

I. OS 

.0250 

.0006 

2550 

June    5 

June 

6 

Slight. 

Consldera 
blc,  white. 

0.20 

10.13 

1.65 

6.48 

0074 

.0212 
.0162 

1.00 

.0250 

.0005 

2741 

July    9 

July 

0 

Decided. 

Slight, 
white. 

0.15 

9.60 

1.55 

6.05 

.0032 

.0170 
.0170 

0.97 

.0220 

.0007 

28S6 

Aug.   6 

Aug. 

6 

Slight. 

Very  slight. 

0.00 

14.80 

2.00 

12.60 

.0018 

.0214 
.0172 

1.02 

.0300 

.0005 

3075 

Sept.  5 

Sept. 

6 

Distinct. 

Slight, 
wMte. 

0.10 

0.60 

1.45 

6.35 

.0014 

.0226 
.0182 

0.06 

.0400 

.0007 

3311 

Oct.     4 

Oct. 

4 

Very  slight. 

Slight, 
green. 

0.05 

9.50 

1.35 

6.15 

.0070 

.0176 
.0146 

0.93 

.0180 

.0010 

8407 

Nov.    7 

Nov. 

7 

Slight. 

Very  alight. 

0.10 

9.90 

1.95 

7.95 

.0324 

.0202 
.0168 

0.96 

.0250 

.0010 

8654 

Dec.    6 

Deo. 

6' 

DUtinct. 

Slight. 

0.05 

10.00 

2.05 

7.95 

.0310 

.0202 
.0184 

0.98 

.0300 

.0008 
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Chemical  ExamiruUion  of  Water  from  Fresh  Pond  in  Cambridge  —  Concluded. 


Datb  of 

Appkarakcb. 

ItKSIDUK  ON 

Evaporation. 

AXKOXIA. 

1 
s 

0.97 

NlTBOGKN 
AS 

1 

ij 

ii 

= 

H 

1 

1 

\ 

i 

Is. 

1 

S 
< 

V* 

i 

2; 

IS 

3831  Jan.     8 

Jan.     8 

Slight. 

Con.,  light 
green. 

0.10 

9.55 

1.46 

8.10 

.0276 

.0192 
.0148 

.0220 

.0006 

3980    Feb.     7 

Pel).    7 

Very  alight. 

Very  alight. 

0.05 

9.85 

1.46 

8.40 

'.0218 

.0198 
.0182 

0.95 

.0500 

.0007 

4230 

Mar.    7 

Mar.    7 

Very  alight. 

Very  Blight. 

0.10 

10.46 

2.55 

7.90 

.0102 

.0178 
.0144 

1.01 

.0500 

.0007 

4468 

Apr.    5 

Apr.    5 

Distinct. 

Slight, 
white. 

0.05 

9.65 

1.30 

8.35 

.0144 

.0206 
.0154 

0.06 

.0500 

.0000 

4616 

May     6 

May    7 

Slight. 

Slight. 

0.16 

9.80 

2.40 
1.93 

7.40 
13.16 

.0064 

.o2oa 
.0168 

0.05 
1.37 

.0040 
.0281 

.0006 

Av. 

0.11 

15.09 

.0134 

.0196 

.0007 

Hardneaa  in  June,  1887, 10.2;  in  July,  1887, 8.7 ;  in  May,  1888,  6.0 ;  in  May,  1889,  5.0.   Odor,  generally 

faintly  vegetable,  sometimes  none. The  aaraples  were  collected  from  the  pump  well  at  the  pumping 

sution.    Water  waa  let  into  the  pond  from  Stony  Brook  Saturday,  Nov.  5,  1887,  at  10.30  a.m.    For 
heights  of  water  in  this  pond  at  the  times  when  samples  of  water  were  collected  for  analysis,  see  page  92. 

Microscopical  Examination, 


1888. 

1880. 

June. 

July.'  Aus. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

5.0 

0.1 

0.2 

0.1 

0.1 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algas, 

9.2 

25.8 

8.8 

1.8 

0.7 

12.6 

5.1 

17.8 

3.1 

0.1 

2.1 

6.4 

3.  Fungi 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,      .... 

0.4 

0.2 

3.0 

2.4 

0.1 

0.1 

0.2 

2.0 

0.3 

4.8 

10.0 

0.6 

Qroups  and  principal  genera  of  organisms  observed :  1.  CyanophycesB,  Aphanocapna.  2.  Palmella- 
cee,  Chlorococcu*;  Zoosporee,  Conferva;  Desmldiaceas ;  DIatomacese,  A%terioneUat  Fragillaria, 
Meionra^  Stephanodi9CuSt  Synedra ;  Zygnemaceao.  3.  Schizomycetes.  4.  Protozoa,  Dinobrj/orit 
Trachelomonaa ;  Rotlfera;  Entomostraca. 


Chemical  Examination  of  Waier  from  Stony  Brook  Conduit, 

[Parts  per  100,000.] 


Datb  or 

Rksiduk  on 
Evaporation. 

AVKOKIA. 

.44 

KITROQBN 
AS 

s 

1 

il 

.1 
1 

1 

1 

§1 

1^' 

1 

1 

< 

1 

s 

739 

18  87. 

Sept.  12  Sept.  13 

Disttnct. 

Slight. 

0.6 

6.27 

1.57 

4.70 

.0088 

.0344 

- 

- 

Odor,  faintly  vegetable.  ^— The  sample  was  collected  from  the  conduit  where  it  enters  Fresh  Pond. 
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Table  shotving  Eeighla  of  Water  in  Stony  Brook  Reservoir  and  Fresh  Pond  at  the 
times  when  Samples  of  Water  were  Collected  for  Analysis, 

Heighta  are  In  feet  above  Cambridge  Cily  Base. 


FsjcflH  PoMD.    High  Watsk,  16^. 


Date. 


Height  of 
Water. 


1S87. 

Jane  9,       .       • 

July  11,      . 
Angaat  10, 
September  7,     .    • 
October  7, . 
November  6, 
November  7, 
December  9, 

1S9S. 

January  6,         • 

February  «, 
March  8,     .       . 
April  9,      .       . 
May  7.       .       . 
June  5, 
July  9» 
Angnsta,  . 
September  6,     . 
October  4, . 
November  7,      . 
December  6, 

1S89. 

January  8, 

February  7, 
March  7,    .       . 
April  5,      . 
May «,       .       . 


6.97 
5.42 
4.34 
8.61 
4.60 
8.32 
8.69 
7.63 


14.56 
15.67 
16.20 
15.90 
14.94 
13.18 
18.07 
16.16 
15.78 
15.76 

16.62 
15.77 

16.01 
15.94 


Stoxt  Bkook.    Roll  WAT,  81.00. 


Date. 


1S87. 

June  6,    . 

July  14,  .       .       . 
Atiguat  9, 
September  8, . 
October  IS,     . 

November  7,  . 

lass. 

January  6, 
February  7,    . 
March  6, 
April  9,  . 
May  7,    .       .       . 
June  7,    . 
July  9,    .       .       . 
Auguei  2, 
September  6, . 
October  4, 
November  7, . 
December  6,  . 

18S9. 

January  8, 

February  7,  . 

March  7,  .  . 

April  4,  .  .  . 

May  6,    .  .  . 


Uelgbt  of 
Water. 


58.80 
70.00 
74.70 
75.00 
72.50 

74.90 


81.01 
80.81 
81.00 
81.45 
80.95 
80.88 
80.45 
79.19 
79.85 
81.21 
81.10 
81.57 

82.45 
81.11 
81.50 
81.42 
81.00 


Digitized  by 


Google 


1889.] 


WATER  SUPPLY  AND   SEWERAGE. 


93 


Watek  Supply  of  Canton. 

Description  of  Works.  —  Population  in  1885,  4,380.  The  works 
are  owned  by  the  town.  Water  was  introduced  in  May,  1889.  The 
source  of  supply  is  a  large  well  located  near  Springdale  station 
on  the  Stoughton  branch  of  the  Old  Colony  Railroad  and  not  far 
from  the  boundary  line  between  Canton  and  Stoughton.  The  well 
is  about  40  feet  in  diameter  and  is  situated  near  Beaver  Brook. 
In  addition  to  the  large  well  about  ten  tubular  wells  in  its  vicinity 
are  connected  with  the  pumps.  Water  was  pumped  from  these  wells 
during  the  construction  of  the  large  well  to  lower  the  ground 
water.  Pumps  force  the  water  from  the  wells  to  an  open  iron  tank 
35  feet  in  diameter  and  65  feet  in  height.  Distributing  mains  are  ot 
cast  iron.  Service  pipes  are  of  wrought  iron,  lined  with  cement,  and 
enameled  iron.  The  act  of  the  Legislature  under  which  the  works 
have  been  constructed  also  authorized  the  town  to  take  water  from 
York  Pond  and  Beaver  Brook  in  Stoughton  and  Canton. 

ChemictU  Examination  of  Water  from  the  Well  and  Tubular  Wells  of  the  Canton 

Water  TTorite. 

p*arta  per  100,000.] 


Datb  or 

Appsaraxcb. 

Rbsidub  oh 

EVAPOKATIOK. 

AXXOKIA. 

e 

NlTROOBK 
AS 

1 

j 

1^ 

tf 

1 

1 

H 

1 

i 

1^ 

i 

i 
i 

S5 

18 

SS. 

S5SM 

Not.  12 
IS 

Nov.  12 
S9. 

Very  •light. 

None. 

•  0.0 

6.T0 

" 

~ 

.0000 

.0004 

.43 

.0780 

.0000 

4780 

Jww   2 

June   3 

None. 

None. 

0.0 

6.45 

" 

■* 

.0022 

.0034 

.41 

.0800 

.0014 

Hftrdneee  in  Jnne,  1889, 8.0.    Odor,  none. Sample  No.  8626  was  collected  from  the  dlaebarge  pipe 

ofa  pamp  drawing  water  from  tnbnlar  wells  in  the  vicinity  of  the  proposed  collecting  well.  No.  4759 
wae  collected  from  a  faacet  at  the  pumping  station  soon  after  the  latter  was  completed  and  before  the 
well  had  been  thoroughly  cleaned  after  its  completion. 

MicroBcopical  Examination, 

November,  1868.    No  organisms  present. 
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Chemical  ExamincUion  of  WcUer  from  York  Pond  in  Canton, 

[Parts  per  100.000.] 


[Dec. 


Date  of 

Rbsiddb  oh 

EVAPORATIO«. 

AXICOVIA. 

!    .27 

XlTROOKK 
AS 

1 

I 

i! 

f 

1 
i 

1 

1 

p 

1 

1 

A 

< 

.0164 
.OlM 

II 

3525 

IS 

Nov.  VI 

88. 

Nov.  12 

Slight. 

Slight. 

0.1 

2.50 

0.80 

1.80 

.0050 

.0000 

Odor,  very  faintly  graaay. The  aample  waa  collected  from  York  Pond  at  the  artificial  outlet  at 

the  soath  end. 

Microscopical  Examination, 

November,  1888.— 1.  Bine-green  algts,  0.0;  2.  Other  algao,  2.3;  3.  Fungi,  0.0;  4.  Animal  forms,  0.8. 
GroupB  and  principal  genera  of  organisms  observed:  2.  Palmellacen ;  Dlatomaces.    4.  Protozoa. 

Water  Supply  op  Chelsea. 

Description  of  Works.  — Population  in  1885,  25,709.  The  works 
are  owned  by  the  city.  Water  was  introduced  in  1867.  The 
source  of  supply  is  Upper  Mystic  Lake,  from  which  water  is  fur- 
nished to  Chelsea  by  the  city  of  Boston  from  the  Mystic  Works. 
A  high-service  system  was  constructed  in  1886,  and  water  for  the 
high-service  districts  is  pumped  from  the  main  supply  pipe  to  a 
reservoir  on  Powder  Horn  Hill.  This  reservoir  is  148  feet  long  by 
68  feet  wide  on  the  bottom  and  178  feet  long  by  98  feet  wide  at  the 
top.  It  is  15  feet  in  depth  and  its  capacity  is  one  million  gallons. 
The  bottom  and  slopes  are  covered  with  concrete.  The  distributing 
mains  were  originally  of  wrought  iron  lined  with  cement ;  cast  iron 
has  been  used  in  repairs  and  extensions  for  several  years,  and  in 
1888  about  28  per  cent,  of  the  distributing  mains  were  of  cast  iron. 
Service  pipes  are  of  lead.  For  a  description  of  the  source  of  supply 
and  analyses  of  the  water,  see  Boston^  Mystic  Works. 


Water  Supply  of  Cheshire.  —  Cheshire  Water  Company. 

Description  of  Works.  —  Population  in  1885,  1,448.  The  works 
are  owned  by  the  Cheshire  Water  Company.  Water  waa  introduced 
in  1876.  About  200  people  were  supplied  in  1887.  The  source  of 
supply  is  a  very  small  storage  reservoir  fed  by  springs.  The  reser- 
voir is  200  feet  long  by  66  feet  wide  and  10  feet  deep,  built  of  stone 
laid  in  cement ;  the  bottom  is  of  gravel.  Water  is  distributed  by 
gravity.  Distributing  mains  are  of  cast  iron.  Service  pipes  are  of 
wrought  iron  galvanized. 
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Chemical  Examination  of  Water  from  the  Reservoir  of  the  Cheshire  Water  Company. 

[Parti  prr  100.000.] 


Datb  of 

APPBA.aAXCB. 

Rbbidub  on 

EVAPOBATIUM. 

Amuoxia, 

1 
.07 

;    KlTBOOBV 
1             AS 

1 

a 

s 

u 

^ 

•: 

1 

J 

1 

i 

il' 

< 

^ 

S 

1     .. 

54  June   7 

87- 
JuDe    9 

Slight. 

None. 

0.0 

4.65 

_ 

_    1 

1 

.0003 

.0050 

.0130        - 

278   July    7 

July    8 

Very  Blight. 

None. 

0.0 

4.20 

- 

- 

.0000 

.0042 

.08    .0030      - 

■    1           1 

477   Aug.   4 

Aug.   5 

None. 

None. 

0.0 

4.40 

- 

- 

.0001 

.0027, 
.0024 

.07    .0130 

1 

- 

1021    Oct.  21 

1 

Oct.  20 

1 

VeryiUghl. 

Slight, 
eurthy. 

0.0 

4.90 

- 

- 

.0000 

.07 

.0090 

- 

1 

1140   Nov.    9 

1 

Not.  10 

None. 

None. 

0.0 

4.76 

- 

- 

.0004 

.0020 

.08 

.0180 

- 

1959 

Mar.    5 

88. 
Mar.    7 

None. 

Very  Blight. 

0.0 

3.95 

_ 

1 
1.0000 

.0024 

.05 

.0250 

.0000 

2419 

May  14 

May  1ft 

None. 

Very  Blight. 

0.0 

8.85 

- 

- 

.0000 

.0018 
.0029 

.05 

.07, 

.0100 

.0000 

Av. 

i 

0.0 

4.24 

- 

- 

.0001 

.0130 

1 1 

Hardiieea  in  May,  1888,  2.0.     Odor,  none.— ~  The  eampIeB  were  collected  from  a  faucet  in  the  vil- 
lage.   Nos.  54  and  278  were  collected  aoon  after  heavy  rains. 

Microscopical  Examination. 

May,  IS8S.    1.  Blae-green  alg»,  0.0;^  2.  Other  algfls,  pr. 

Groups  and  principal  genera  of  organisms  obBer\'ed :  2.  Dlatomacen. 

Chemical  Examination  of  Water  from  Cheshire  Beservoir  in  Cheshire, 

[Parts  per  100,000.] 


Datb  op 


I 


il 


I  1888. 

3381    Sept.  27   Sept.  28 


Atpbabasicb. 


Distinct. 


I  Sliorht, 
i    brown. 


0.2 


ItBSIDUB  ON 

Evaporation. 


IS 

15 


8.85  i.eo 


6.46 


la 


.0008 


.0262 
.0190 


XlTROOBN 
AS 


1 

jj 

>^ 

v5 

.0030 

.0001 

Odor,  faintly  earthy.  ^~  The  sample  was  collected  from  the  Cheshire  reservoir  near  the  outlet. 
This  reservoir  is  at  the  head  of  the  south  branch  of  the  Iloosac  illver. 

Microscopical  Examination. 

September,  1888.    1.  Blue-green  algm,  pr.;  2.  Other algie, 0  5;  3.  Fungi,  0.0;  4.  Animal  forms, 0.6. 
Groups  and  principal  genera  of  organisms  observed:    1.  Cyanophycen.    2.  Zoosporew;  Diatom. 
Bcess;  DeBmidiaoen.    4.  Trotozoa. 


Water  Supper  or  Chicopee  Central  Fire  District,  Chicopee. 
Chicopee  Water  Company. 
Description  of  Works.  —  Population  of  the  town  of  Chicopee  in 
1885,  11,516.  Exclusive  of  Chicopee  Fulls  Fire  District  the  pop- 
ulation is  about  7,500.  The  works  are  owned  by  the  Chicopee 
Water  Company.     Water  was  first  introduced  in  1845.     The  pres- 
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ent  corporation  bought  the  old  works  in  1877  and  rebuilt  them. 
Water  is  said  to  be  supplied  to  about  6,500  people*  The  sources  of 
supply  are  a  storage  reservoir  on  Dingle  Brook  in  Springfield,  near 
the  boundary  between  Springfield  and  Chicopee,  and  six  wells 
located  about  one  mile  south  of  the  village  of  Chicopee.  The  area 
of  the  storage  reservoir  is  about  3.5  acres;  capacity,  5,250,000 
gallons;  average  depth,  about  5  feet;  maximum  depth,  20  feet. 
There  is  considerable  shallow  flowage*  The  drainage  area  is  gen- 
erally woodland  and  the  soil  is  sandy.  There  are  very  few  inhabi- 
tants on  the  area.  The  water  runs  by  gravity  to  a  distributing 
reservoir  and  to  the  village.  The  area  of  the  distributing  reservoir 
is  about  one  acre.  Water  from  Dingle  Brook  storage  reservoir  is 
also  pumped  to  an  iron  ifLuk  40  feet  high  and  30  feet  in  diameter, 
which  furnishes  water  to  the  fire-service  system  of  pipes. 

The  wells  supply  about  100  families.  There  are  six  wells  from 
4  to  12  feet  square  and  10  to  12  feet  deep,  dug  in  the  bottom  of  an 
excavation  originally  made  for  the  purpose  of  obtaining  sand,  and, 
since  water  frequently  fills  this  excavation,  it  is  known  as  Sand  Bank 
Pond.  This  pond  has  a  very  small  direct  drainage  area,  but,  as  the 
land  about  it  is  nearly  level  and  the  soil  is  porous,  most  of  the 
water  entering  the  pond  or  wells  filters  through  the  ground. 
Water  from  this  source  is  supplied  by  gravity  through  an  independ- 
ent system  of  pipes.  Distributing  mains  are  of  cement-lined 
wrought  iron  and  of  cast  iron.     Service  pipes  are  nearly  all  of  lead. 

Chemical  Examination  of  Water  from  Dingle  Brook  Storage  Reservoir, 

[Parts  per  100,000.] 


Date  o» 


6 


if 


188 
804 
660 
790 
065 
1104 
1441 


June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 


1622   Jan. 
1828   Feb. 


JuDe  20 

July  20 

Aug.  18 

Sept.  16 

Oct.  18 

Nov.  16 

Dec.  90 

AS. 
Jan.  19 

Feb.  15 


Appbarakcb. 


Decided. 

Slight. 

Slight. 

Decided. 

Slight. 

Distinct. 

DIatlnet. 

Slight. 
Very  slight. 


I, 


Much. 

Much. 

Consid'ble. 

Slight. 

Sli't.  white. 

Slight. 

Very  slight. 

Slight. 
Slight. 


0.40 
0.80 
0.40 
0.15 
0.40 
0.20 
0.90 

0.10 
0.10 


Rbsiditb  oir 
EvAroRATioir. 


4.22 
4.65 
4.45 
4.20 
8.90 
8.90 
4.00 

8.65 
8.75 


1.05 
1.05 
1.17 
0.50 
0.30 
1.60 
0.75 

0.60 
0.65 


3.17 
8.60 
8.28 
3.70 
8.60 
2.80 
8.25 

8.05 
8.10 


.0002 
.0016 
.0000 
.0012 
.0008 
.0003 
.0000 

.0029 
.0060 


if 


.0281 
.0198 
.0140 
.0112 
.0181 
.0183 
.0106 

.0040 
.0066 


.22 
.18 
.16 
.21 
.18 
.21 
.19 

.18 
.16 


NiTBOOBX 


.0180 
.0070 
.0070 
.0070 
.0030 
.0040 


.0190   - 


.0260 


0160  .0002 

I 


Digitized  by 


Google 


1889.] 


WATER  SUPPLY  AND  SEWERAGE. 


97 


Chemical  Examination  of  Water  from  Dingle  Brook  Storage  Reservoir — Concluded. 

[Partt  per  100,000.] 


Dat«  of 

Rrsiduk  on 
£vai*0  ration. 

Ammonia. 

1 
1 

u 

.16 

NiTROQKN 
AS 

£ 

i 

It: 

88. 

Mar.  20 

H 

1 

i 

5 

:| 

1 

1 

.0028 

il 

1   1 

1. 

2M7    Mar.  19 

Very  slight. 

Slight. 

0.20 

3.85 

0.55 

2.80 

.0070 

1 

.Q250  .0004 

223S    Apr.  17  |  Apr.  18    Diatinct. 

Slight. 

0.10 

2.70 

0.65 

2.05 

.0000 

.0078 

.15 

.0230  .0002 

ai77    Maj'  21 

May  22  j  Distinct. 

Consld'ble. 

0.10 

3.80 

0.90 

2.90 

.0010 

.0136 

.16 

.0120 

.0001 

2709    July    3 

July  '6 

Distinct. 

Consid'ble. 

0.25 

3.60 

0.(5 

2.75 

.0010 

.0170 
.0100 

.15 

.0080 

.0001 

28^4 

Jaly  34 

July  25 !'  Slight. 

Slight, 
green. 

0.06 

'  3.40 

0.50 

2.80 

.0000 

.0170 
.0110 

.18 

.0020 

.0001 

3000 

Aag.20 

AQg.21     Slight. 

SUght. 

0.10 

i 

,  4.30 

0.85 

3.46 

.0002 

.0138' 
.0114 

.16 

.0090 

.0003 

3247 

Sept.  21 

Sept.  22 

,  Slight. 

Slight. 

0.15 

1 
4.25 

1.05 

3.20 

.0004 

.0186 
.0128 

.17 

.0100 

.0002 

3414 

Oct.   19 

Oct.  20 

SUfi^t. 

Considera- 
ble. 

0.25 

1 
8.70 

0.65 

3.05 

.0002 

.0144 
.0070 

.17 

.0070 

.0004 

3608 

Nov.  23 

Not.  24 

DUtinct. 

Considera- 
I  ble. 

0.10 

3.60 

0.75 

2.85 

.0004 

.0190 
.0074 

.18 

.0200 

.0003 

3766   Dec.  19 

1            IS 
3013   Jan.  28 

Dec.  20 

89. 
Jan.  24 

DisUnct. 
1 
Slight. 

Considers, 
ble. 

Considera. 
ble. 

0.05 
0.10 

;   3.20 
\  3.10 

0.70 
0.45 

2.50 
2.65 

.0004 
.0002 

.0078 
.0060 

.0152 
.0098 

.17 
.16 

.0280 
.0800 

.0005 
.0003 

4131 ,  Feb.  26 

1 

Feb.  27 

Very  slight. 

Slight. 

0.10 

8.70 

0.70 

8.00 

.0010 

.0074 
.0044  j 

.15 

.0300 

.0001 

4399,  Mar.  26 

Mar.  27 

Very  slight. 

Very  slight. 

0.05 

3.20 

0.55 

2.65 

.0000 

.0068 
.0064 

.14 

.0250 

.0002 

4561 

Apr.  23 

Apr.  24 

Very  slight. 

Considera- 
ble. 

0.10 

8.50 

0.55 

2.85 

.0016 

.0170 
.0112 

.12 

.0070 

.0002 

4700 

May  21 

May  22 

DUIlnet. 

Heavy,  yel- 
low green. 

0.30 
0.20 

3'.65 

0.80 

2.85 

.0012 

.0180 
.0116; 

.0135 

.12 
.17 

.0020 
.0138 

.0002 

Av. 

3.88 

0.81 

8.07 

.0010 

.0002 



..    . 

Hardness  in  May,  1888, 1.6.    Odor,  often  none,  occasionally  vegetable,  seldom  mouldy  and  disagree- 
able.—The  samples  were  collected  from  a  fancet  in  the  village  of  Chlcopee. 

Microscopical  Examination, 


1888. 

1889 

. 

Mar. 

Apr. 

'          1            1 
May.  July.  Jaly. '  Aug. 

1 

... 

Oct. 

Nov.l  Dec.  1 

1           1 
Jan. '  Feb.  \  Mar. 

Apr.   May. 

1 .  Blae-green  Algae, 

0.0 

- 

0.0 

0.0 

0.0 

0.0     0.0 

0.0 

0.0 ; 

0.0     0.0 

0.0 

0.0 

0.0 

2.  Other  Algie,      . 

0.0 

- 

- 

11.9 

132.6 

4.4 

0.9 

0.8 

0.3 

1.2 

0.2 

0.0 

0.1 

0.7 

7.2 

3.  Fnngl. 

0.0 

- 

- 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,  . 

0.0 

- 

- 

2.7 

4.4 

0.4 

pr. 

0.7 

0.1 

1.6, 

pr. 

0.1 

4.1 

0.7 

pr. 

Gronps  and  principal  genera  of  organisms  observed :  2.  PalmellaceiB ;  ZooHporeic,  Scenedtsmut; 
Deamldlacee,  Stavrtutrum;  Diatomaceae,  Asterionella,  Meloiira^  Stephanoditcutt  Synedra;  Zygnem. 
ace«.    4.  ProtosoA,  JHnobiyont  Peridinium;  Annelida;  Rotifera;  Bryozoa;  Entomostraca.^..^ 
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[Dec. 


Chemical  Examination  of  Water  from  Sand  Bank  Pond,  Chicopee. 

[Parts  per  100,000.] 


Datk  or         1 

Appkarangs. 

Rksiddb  om 
Evaporation. 

AXXONIA. 

•( 

Kn-ROGsx 

AS 

s 

o 

1 

j 

g 

1 

I 

ill 

1 

I- 

< 

S 

1 

365 

18 

July  19 

87.          1 
July  20 

Slight, 
milky. 

Slight. 

0.00 

1 
3.57   0.97' 

i 

2.60 

.0000 

1 

.0139 

! 
1 

.0070 

667 

Aug.  16 

Aug.  18 

Very  slight. 

Slight. 

0.00 

3.72 '0.37 

3.35 

.0000 

.00^3 

1    '^' 

.0100 

- 

789 

Sept.  14   Sept.  16 

None. 

Slight. 

0.00 

3.45   0.20 

3.25 

.0000 

.0046 

.19 

.0100 

- 

966 

Oct.  17!  Oct.  18 

Slight. 

Slight. 

0.00 

3.65 

0.45 

3.20 

.0000 

.0060 

.21 

.0130 

- 

1195 

Nov.  15  1  Nov.  16 

Slight. 

Considera- 
•  ble. 

0.05 

4.50 

1.00 

8.50 

.0015 

.0006 

.35 

.0500 

- 

1440 

Dec.  19   Dec.  20 

None. 

Slight. 

0.00 

4.45    1.05 

8.40 

.0006 

.0047 

.26 

.0760 

- 

1621 

18 

Jan.  17 

88. 

Jan.  19 

Very  slight. 

Slight.- 

0.00 

4.25   0.90 

3.36 

.0000 

.0033 

.24 

.0800 

_ 

1829 

Feb.  14 

Feb.  15 

Very  slight. 

Slight. 

0.00 

'   4.20 '0.75 

3.45 

.0038 

.0029 

.35, 

.0900 

.0002 

2048  ,  Mar.  19  !  Mar.  20 

None. 

Slight. 

0.00 

,   3.65   0.60 

.3.05 

.0005 

.0028 

.20 

.0700 

.0001 

2237  ;  Apr.  17   Apr.  18 

Very  alight. 

Very  slight. 

0.00 

,   2.80   0.50 

2.30 

.0000 

.0034 

.12 

.0300,-0000 

2476    May  21 

1 

May  22 

Very  slight. 

Slight, 
earthy. 

0.00 

3.00  i  0.35 

2.65 

.0000 

i 

.0034 

.12 

.0120 
.0407 

.0001 

Av. 

1 

3.75i0.fi.'i 

3.10 

.0000 

.0056 

.22 

.0001 

! 

Hardness  In  May,  1S88, 1.7.    Odor,  generally  none;  seldom  mouldy  or  disagreeable. The  sam- 

pies  were  collected  from  a  faucet  in  the  village  of  Chlcopee. 


Microscopical  Examination, 


1888. 


March. 


April. 


1.  Blue-green  Algie, 

2.  Other  AlgfP, 
8.  Fungi, 

4.  Animal  Forms,  . 


0.0 
pr. 
0.0 
pr. 


0.0 
pr. 
0.0 
0.0 


0.0 
pr. 
pr. 


Groups  and  principal  genera  of  organisms  observed :  2.  Diatomaces.    3.  Schizomycetes.    4.  Pro- 
tozoa. 
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Water  Supply  of  Chicopee  Falls  Fire  District,  Chicopee. 

Description  of  Works,  —  Population  of  the  town  of  Chicopee  in 
1885,  11,516.  The  population  of  the  Chicopee  Falls  Fire  District 
in  1887  was  estimated  to  be  about  4,000.  There  are  two  distinct 
systems  of  supply.  The  principal  system  is  owned  by  the  Fire 
District.  Water  was  introduced  in  1883.  The  source  of  supply  is 
the  Chicopee  River.  Water  is  pumped  from  the  canal  of  the 
Chicopee  Manufacturing  Company  to  a  small  covered  reservoir. 
Distributing  mains  are  of  cast  iron  and  service  pipes  of  wrought 
iron.  The  works  were  originally  built  by  the  Chicopee  Manufact- 
uring Company,  and  the  pump  and  reservoir  are  still  owned  by  that 
corporation. 

The  second  system  of  supply  is  owned  by  the  Chicopee  Manufact- 
uring Company,  and  was  introduced  many  years  ago.  In  1876  the 
wooden  pipes  which  had  been  used  for  many  years  were  replaced  by 
iron  pipes.  The  source  of  supply  is  a  small  reservoir  30  feet  long, 
20  feet  wide  and  about  2  feet  deep,  which  is  fed  by  several  springs. 
Water  is  distributed  by  gravity.  Distributing  mains  are  of  iron. 
Service  pipes  are  of  lead. 


Chemical  Examination  of  Water  from  Chicopee  River  at  Chicopee  Falls, 

[Parts  per  100,000.] 


Date  op 

Appbasancb. 

Residur  oh 
evaporatiok. 

Ammokia. 

.17 

1   NiTROOBM 
AS 

i 
i 

I 

Exam- 
ination. 

H 

«; 

1 

1 

ii 

i 
3 

.0012 

1^ 

< 

.0162 

>     S^ 

S 

137 

June  17  June  18 

-            1 

Slight. 

Conaid'hle, 
ruBty. 

0.45 

4.82 

1.45 

3.37 

.0130 

- 

366 

July  19  July  20 

Slight. 

Conaid'blc, 
ruaty. 

0.60 

4.64 

1.32 

3.32 

1 

.0027 

.0185 

.19 

.0070 

- 

663 

Aag.  16   Aug.  18 

Slight. 

Slight. 

1.00 

5.05 

1.52 

3.5S 

.0026 

.0238 

.14 

.0100 

- 

787 

Sept.  15 

Sept.  16 

Decided. 

Consid'ble. 

0.45 

4.35 

0.95 

3.40 

.0026  .0188 

.16 

.0030 

- 

975 

Oct.  17 

Oct.  19 

Slight. 

Blight. 

0.60 

4.95 

1.15 

3.80 

.0011  j. 0196 

.24 

1 

.0080 

- 

1196 

Xov.  15 

Nov.  16 

Distinct. 

SUght. 

0.40 

4.20 

1.10 

3.10 

.0006,. 0155 

.23 

.0100 

- 

1442 

Dec  19 

Dee.  20 

Diatinct. 

Slight. 

0.40 

4.05 

1.15 

2.90 

.0012  .0141 

1 

.21 

.0120 

- 

1609 

Jan,  16 

98. 

Jan.  17 

Diatlnct. 

Slight, 
earthy. 

0.30 

8.95 

1.10 

2.85 

.0000 

1 
.0109 

.13 

.0200 

.0000 

1843 

Feb.  15 

Feb.  17 

Very  alight. 

Very  alight 

0.40 

8.90 

0.85 

3.05 

.0040 

.0169 

.15 

.0200 

.0000 

2019 

Mtf.  14 

Mar.  16 

.Diattnet. 

Blight. 

0.20 

3.76 

0.90 

2.M 

.0010  |. 0118 

.17 

.0100 

.0002 
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Chemical  Examination  of  Water  from  Chicopee  River  at  Chicopee  Falls  —  Con. 


Datb  of 

RXBtDUK  ON 
EVAPOBATION. 

AmconA. 

NiTKOOKV 

A8 

1 

'A 

1 

•  4 

§  «e 

35 

f 

j 

y 

H 

§1 
il 

i 

M 

1 

il 

< 

1 

1 

2214 

18 

Apr.  18 

88. 

Apr.  14 

Very  alight. 

Slight, 
earthy. 

0.80 

3.00 

0.95     2.05 

.0004 

.0142 

.23 

1 

.0080 

.0003 

3407 

May  11 

May  12 

Slight. 

Slight. 

0.25      3.40 

1.20 !    2.20 

.0012 

.0126 

.14. .0080 

.0002 

2M8 

June  20 

Jane  21 

Distinct. 

Blight, 
green. 

0.60  • 

1  8.S5 

1.20 

,.0024 

«.85;; 

.0160 

.12    .0060 

.0002 

2773 

July  12 

Jnly  13 

Slight. 

Very  alight. 

0.30 

,  4.55 

1.55 

3.00 

'.0038 

.0178 
.0140 

.15 

.0080 

.0002 

2950 

Ang.  10 

Aug.  17 

Slight. 

Slight, 
white. 

0.25 

ji  *•» 

0.50 

:  4.35 

0.95 

3.70 

.0018 

.0162 
.0126 

.22 

.0070 

.0001 

3221 

Sept.  10 

Sept.  20 

Slight. 

Considera- 
ble. 

1.50 

2.65 

.0020 

.0236 
.0206 

.19 

.0120 

.0001 

8880 

Oct.  17 

Oct.   18 

Slight. 

Very  sli^t. 

i.oo" 

j|4.00 

1.35 

2.65 

.0002 

.0150 
.0144 

.17 

.0080 

.0001 

8686 

Nov.  21 

Nov.  22 

Slight. 

Slight. 

o.5o: 

3.45 

1.10 

2.35 

.0000 

.0140 
.0128 

.16 

.0100 

.0004 

8705 
3911 

Dec.  19 

18 

Jan.  22 

Dec.  20 

80. 

Jan.  24 

Decided. 

Slight, 
milky. 

Heavy, 
earthy  and 
flocculent. 

Very  Blight. 

0.40 
0.20 

2.60 
2.95 

1.05 
0.65 

1.55 
2.90 

.0002 
.0000 

.0202 
.0116 

.0182 
.0102 

.07 
.14 

.0100 
.0120 

.0003 
.0002 

4155 

Feb.  27 

Feb.  28 

Slight. 

None. 

0.20 

3.70 

0.85 

2.85 

.0000 

.0126 
.0070 

.19 

.0100 

.0000 

4415 

Mar.  27 

Mar.  28 

Very  alight. 

Very  Blight. 

o.sol 

3.25 

0.85 

2.40 

.0000 

.0124 
.0100 

.12 

.0080 

.0001 

4508 

Apr.  24 

Apr.  25 

Very  slight. 

Oonaidera- 
ble,  light. 

0.25 

3.30 

0.90 

2.40 

.0012 

.0164 
.0142 

.14 

.0100 

.0004 

4718 

May  22 

May  23 

Slight 

Coneldera- 
ble. 

0.50 

3.95 

,4.17 

1.05 
1.14 

2.90 
-3.03 

.0048 

1 

1 

.0224 
.0176 

.14 

.0060 

.0003 

Av. 

0.43 

.0015 

1 

.0163 

il 
.16     -OOQft 

.0002 

1 

Odor,  generally  faintly  vegetable,  eeldom  mouldy. The  Bamplea  were  collected  from  a  faucet  in 

the  pumping  station,  with  the  exception  of  No.  137  which  was  collected  from  the  canal  just  over  the 
inlet  to  the  water  works. 


Microscopical  Examination. 


1888. 

1889. 

June.  July.  Xug. 

Sept 

Oct. 

Nov. 

Dec. 

1          1           i           1 
Jan.;  Feb.  Mar.,  Apr.  May. 

1          I          1          1 

pr.     0.0 

pr. 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.7 

2.  Other  AlgfP. 

1.6     0.9 

1 

1.5 

0.5 

0.1 

0.3 

3.9 

0.1 

0.1 

0.1 

4.3 

8.8 

8.  Fungi, 

0.1 ' 

pr. 

0.0 

0.0 

0.0 

0.0     0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,       .... 

0.1 

pr. 

0.0 

0.0 

0.0 

pr.     pr.  ,   0".0 

0.0 1    pr. 

0.3 j   0.1 

Oronps  and  principal  genera  of  organisms  observed:    1.  Cyanopbyceee.     2.   Palmellacee;    Zoo* 
Bporeae;  Desmldlaceo; ;  Diatomacese,  SynedrOt  Tabellaria,   3.  Schizomycetss.    4.  Protozoa. 
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Chemical  Examination  of  Water  from  the  Springs  of  the  Chicopee  Manufacturing 

Company. 
[Puts  per  100,0000 


Datb  or 

ArPBAXAVCB.       . 

Ukbiddb  om 

EVAPOBATIOM. 

AMMOIOA. 

j 

NrtBOOBV 

A8 

» 

J 

f 

1 

1 

1 

§1 

1^ 

i 

i 

ll 

< 

1 

S 

967 

IS 

July  19 

July  20. 

Very  Blight. 

! 

Veryslight.'  0.40 , 

3.72 

1-05 

2.67 

'.ooos 

.0007 

.19 

.0070 

« 

661 

Ang.  16 

Aug.  18 il  Slight.          'Slight.           0.20* 

4.62 

0.82 

3.80 

.0004 

1 

.0091 

.17 

.0830 

- 

788 

Sept.l5  8ept.l6j  Decided.     JMuch. 

0.05 

6.20 

1.05 

4.16 

^.0000 

.0144 

.32 

.0520 

- 

976 

Oct.  nlocU  19  1  Very  Blight.' Slight. 

0.10 

4.30 

0.70 

3.60 

'.0000 

.0052 

.21 

.0390 

- 

U97  '  Nov.  15   Not.  16  [  DlaUnct.       Much. 

0.50 

4.85   1.10 

3.75 

1.0002 

.0158 

.34 

.0500 

- 

1443  !  Dec.  19   Dec.  20 

SUght.          Slight. 

0.20 

4.05   0.70 

3.36 

.0000 

.0066 

.26 

.0500 

- 

1            19  8S. 
1610   Jan.  16  Jan.  17 

1 
Slight.          Slight. 

0.10 

4.20 

0.75 

3.45 

.0008 

.0024 

.17 

.0750 

.0001 

1844    Feb.  15  Feb.  17 

None. 

Very  Blight. 

0.10 

4.20 

0.80 

8.40  '.0012 

.0066 

.23 

.0650 

.0001 

2018 'Mar.  14  Mar.  16 

Very  Blight.  Very  slight. 

0.00 

8.50 

0.65 

2.85    .0004 

.0082 

.20 

.0600 

.0001 

2216    Apr.  13   Apr.  14 

Verj- Blight. 

Much. 

0.20 

3.80 

1.10 

2.70 '.0004 

j 

.0138 

.17 

.0600 

.0008 

2408    May  11    May  12 

Slight. 

Coneidera- 
ble. 

0.10 

8.45 

1.00 

2.45    .0000 

.0078 

.17 

.0230 

.0004 

Av. 

0.18 

4.17 

1            1 
0.88    ^-^  '.nnoi 

.0091 

.22 

.0467 

1 

.0002 

1 

Hardneaa  in  May,  1888,  1.5.    Odor,  very  faint  or  none. The  aamplee  were  collected  ftx>in  a 

lancet  in  the  village  of  Chicopee  Falls. 


Microscopical  Examination, 


L  Blue- green  Algie, 
S.  Other  Algae, 

3.  Fungi, 

4.  Animal  Forme,  . 


0.0 
pr. 
0.0 
0.0 


April. 


0.0 
pr. 
0.0 
0.0 


May. 


0.0 
pr. 
0.0 
0.0 


Groups  and  principal  genera  of  organisms  observed:  2.  Dcsmidlaccee ;  Diatomaceaa;  Zoospores. 


Water  Supply  of  Clinton. 

Description  of  Works. — Population  infl885,  8,945.  The  works 
are  owned  by  the  town.  Water  was  introduced  in  1882.  About  1,368 
families  were  supplied  in  1888.  Water  is  supplied  to  the  town  by 
gravity  from  the  watershed  of  Wekepeke  Brook  in  Sterling.     This 
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[Dec. 


brook  is  formed  by  the  confluence  of  two  streams,  the  southerly  one 
being  known  as  Lynde's  Brook  and  the  northerly  one  as  Hey  wood's 
Brook.  The  pipe  leading  to  the  town  starts  from  a  small  reservoir , 
known  as  <<  the  basin,"  located  a  short  distance  southerly  from 
Lynde's  Brook  and  not  far  above  the  confluence  above  mentioned. 
The  basin  has  an  area  of  2.7  acres  and  a  capacity  of  3,000,000  gal- 
lons. Its  slopes  are  paved  and  the  bottom  is  sandy.  A  large 
amount  pf  muck  and  other  material  was  removed  in  constructing  it. 
Provision  has  been  made  for  connecting  both  Lynde's  and  Hey- 
wood's  brooks  with  the  basin,  but  Lynde's  Brook  is  the  one  drawn 
from.  Storage  capacity  in  addition  to  that  of  the  basin  is  furnished 
in  part  by  two  mill  ponds  on  Lynde's  Brook,  now  owned  by  the 
town,  and  by  a  new  storage  reservoir,  built  m  1888,  upon  the  brook 
above  the  mill  ponds.  This  reservoir  has  a  capacity  of  40,000,000 
gallons  and  flows  an  area  of  13^  acres.  The  basin  has  only  a  small 
superficial  watershed  ;  but,  including  Lynde's  Brook  above  the  point 
where  its  waters  may  be  diverted,  the  total  area  contributing  water 
to  the  basin,  as  estimated  from  the  new  topographical  map  of  Massa- 
chusetts, is  1.16  square  miles.  The  watersheds  now  used  are 
generally  hilly  and  wooded.  The  distributing  reservoir  in  Clinton  is 
168  feet  square  at  the  top  and  contains  15  feet  of  water  when  full. 
The  bottom  is  of  concrete  and  the  slopes  are  paved.  Distributing 
mains  are  of  cast  iron  and  service  pipes  of  wrought  iron  lined  with 
cement.  The  town  of  Clinton  sells  water  to  the  Lancaster  Water 
Company  to  supply  the  town  of  Lancaster. 

Chemical  Examination  of  Water  from  "  The  Basin  ^''  of  the  Clinton  Water  Works, 

Sterling. 

[Parts  per  100,000.] 


Date  o» 

APPEASAXCB. 

RRMDnR  OH 
EVAFOBATIOM. 

AMMOMZA. 

1 

STXTKOaKW 
AS 

» 

j 

|l 

f 

1 

1 

1 

a 

i 

fa 

i 

il 

< 

1 

1 

187 

18 

June  23 

87. 
June  .24 

None. 

None. 

0.10 

4.67 

0.97 

3.70 

.0008 

.0102 

.16 

.0060      - 

417 

July  26 

July  28 

Very  (Slight. 

None. 

0.70 

4.95 

1.07 

3.88 

.0008 

.0121 

.17 

.0130.    - 

612 

Aug.  24 

Aug.  25 

Veryelight. 

Noye. 

0.60 

4.92 

1.32 

3.60 

.0010 

.0111 

.13 

.0100 

- 

838 

Sept.  21 

Sept.  22 

DlBtlnct, 
milky. 

Very  Blight. 

0.20 

6.17 

0.87 

4.30 

.0002 

.0079 

.16 

.0090 

- 
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Chemical  Examination  of  Water  from  "  The  Basin  "  of  the  ClitUon  Water  Works, 

-  Sterling — Concluded. 


DATS  OF 

ArPSABAMCX. 

Kbsidub  on 
Evaporation. 

AXMONIA. 

1 

NtTRUQBN 

AS 

>\ 

1 

Exam- 
ination. 

6 

1 

1 

1 

4 

£ 

1 

< 

1 

9i 

1 

1006 

18 

Oct.   20 

»T. 

Oct.  22    VeryaWght. 

Very  alight. 

0.201 

4.85 

0.40 

4.45    .0000 

.0064 

1 

1    •'' 

1    , 

.0100     - 

1240 

Nov.  21 

Nov.  22  .Very  alight. 

None. 

0.20 

4.25 

0.70 

3.55    .0007  .0092 

!    .19 

.00801    - 

1           1 

1471 

Dec.  21 

Dec.  22    Very  alight. 

None. 

0.10' 

4.70 

0.70 

4.00  j.OOOS 
4.05  1.0000 

.0052 

.17 

.0100  .0000 

1606 

IH 

Jan.   16 

8«. 
Jan.  17 

Very  alight. 

None. 

0.20 

4.70 

0.65 

.0042 

.15 

.0200  .0000 

1816 

Feb.  13 

Feb.  14 

None. 

None.        ^ 

0.05 

4.05   0.70 

3.35 

.0008 

.0063 

.18 

.0200  j. 0001 

2061 

Mar.  19 

Mar.  21  '  None. 

1 

None. 

0.10 

4.80   0.50 

3.80 

.0000  .0039 

.16 

1.0180 '.0002 

2234 

Apr.  16 

Apr.  17  '  SUght. 

None. 

0.20; 

3.80 

0.70 

3.10 

.0000  .0036 

.14    .0150  .0001 

2422 

May  14 

yay  15    None. 

None. 

0.30  1 

1 

4.00 

1.00 

3.00  1 

.0000  .0074 

.16  i.0070  .0001 

2&96 

June  12 

June  13 :  Slight. 

Slight. 

o.«! 

1 

8.4610.95 

1 

2.50 

.0028  .0068 

.13  J. 0100. 0002 

■,      1 

2789 

July  IT 

July  18 

None. 

1 

None. 

0.15 

1 
4.35 1 0.60 

3.55, 

.0004  .0108 
..0068 

.14 

.0120  .0000 

2937 

Aug.  14 

Aug.  15 

Blight. 

Very  slight. 

0.30 

i 
4.90   1.50 

8.40 

.0004  .0094 
.0064 

.17  |. 0070 '.0002 

1 

3197 

Sept.  17 

Sept.  18 

Very  alight. 

Very  slight. 

0.10 

4.05' 1.00 

1 

S.05 

.0000  .0088 
.0088 

.18    .0120  .0003 

3382 

Oct.   16 

Oct.  18 

Very  slight. 

1 

Very  slight. 

0.30 

1 
4.00  1.15 

! 

2.65 

.0000 '.0100 

1.0094' 

1 

.16  1.0100 1. 0001 

1 

At. 

0.25 

4.53   0.80 

3.73  '.0005  .0078' 

1    .16    .0116  .0001 

1 

' 

Haidnesa  In  May,  1888, 1.7.    Odor,  generally  vegetable,  occasionally  mouldy. The  samples  were 

collected  from  a  faucet  in  Clinton  near  the  centre  of  the  \illage. 


Microscopical  Examination. 


1.  Blue-green  Alga?, 

2.  Other  Alge,  . 

3.  Fungi,     . 

4.  Animal  Forma, 


0.1 
1.2 
0.3 
0.4 


1888. 

Jnly. 

August. 

Sept. 

0.0 

0.0 

0.0 

0.2 

0.1 

0.4 

0.0 

pr. 

0.0 

0.6 

0.1 

0.1 

0.0 
0.2 
0.0 
pr. 


Groups  and  principal  genera  of  organiama  observed  :   1.  Cy anophy ceie.   2.  Palmellaceae ;  Zoosporeae ; 
DlatomaccflB.    3.  Schlzomycetes.    4.  Protozoa;  Sponglaria;  Rotifera;  Entomoatraca. 
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Chemical  Examination  of  Water  from  the  New  Storage  Reservoir,  Clinton  Water 

Works,  Sterling. 
[Paru  per  100,000.] 


Date  of 

ArPBAK^acK. 

.Rrsiddk  on 

EVAPUAATIUN. 

Ammoxxa. 

1 
1 1 

NITBOGBV 
AS 

& 

1 

6 

ii 

1 

i 

1 

1 

1 

LoM  on 
IgnlUon. 

Fixed. 

1 

11 

< 

1 

S 

IS 

3196  ,  Sept.  17 

1 

8S. 
Sept.  18 

Slight. 

Very  slight. 

0.15 

5.70 

1.20 

4.50 

1 

.0020  .0110 

i 

1 

.24     .0180 

.0004 

Odor,  very  faint  or  none. The  sample 

Water  Works. 


collected  from  the  new  reservoir  of  the  Clinton 


Microscopical  Examination. 

September,  1888.    1.  Blue-green  algss,  0.0;    2.  Other  algie,  0.0;   3.  Fungi,  2.0;    4.  Animal  Forms, 
0.0.    Oroups  and  principal  genera  of  organisms  observed  :    3.  Schlzomycetes,  Crenothrix. 

Chemical  Examination  of  Water  from  HeywoocTs  Pond,  Sterling. 

[ParU  per  100,000.] 


Date  of 

Apfeasascb. 

Rrsioub  ok 
evapubatiok. 

Ammoxia. 

1    , 

KiTBOOBV 
AS 

1 

'A 

1 

■1  s 

3- 

Turbidity. 

1 

J 

1 

4 

i 

i 

1^ 

1 

1 

18 

ss. 

! 

1 

2935    Aug.  14 

Aug.  15 

Distinct. 

Slight. 

o.so 

,.(KKK) 

.0190 

.13 

.0030  .0002 

1 

3.25  .1.65 

1.60 

1    ._ 

• 

' 

Odor,  very  faint  or  none. The  sample  was  collected  from  the  brook  flowing  from  Hey  wood's 

Pond  at  the  first  crossing  of  the  highway  below  the  pond. 

Microscopical  Examination. 

August,  1888.  1.  Blue-green  algsB,  0.0;  2.  Other  algfl>,  1.5;  8.  Fungi,  pr.;  4.  Animal  Forms,  1.8. 
Oroups  and  principal  genera  of  organisms  observed:  2.  Palmellacese ;  DiatomaceiD;  Besmidiacesa. 
8.  Schlzomycetes.    4.  Protozoa,  Peridinium;  Rotifera;  Entomostraca. 


Water  Supply  of  Cohasset.  —  Cohasset  WaHejl  CoMPANr. 

Descrij)tion  of  Wb7'ks. — Population  in  1885,  2,216.  The  works 
are  owned  by  the  Cohasset  Water  Company.  Water  was  introduced 
in  1886.  The  source  of  supply  is' a  system  of  tubular  wells  in  a 
meadow  along  a  brook.  There  are  63  wells,  each  2  inches  in  diameter 
and  30  to  40  feet  deep,  driven  into  gravel.  The  strata  passed  through 
in  going  down  from  the  surface  were  :  1  foot  of  muck,  2  feet  of  clay, 
3  to  4  feet  of  sand  and  10  to  18  feet  of  blue  clay.  Pumps  force 
the  water  to  an  open  distributing  reservoir  which  has  a  capacity  of 
1,500,000  gallons.  Water  passes  into  the  reservoir  at  one  side  and 
is  drawn  out  at  the  other.     The  reservoir  is  150  feet  square  on  top 
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and  contains  14  feet  of  water  when  full.  The  bottom  is  of  concrete 
and  the  slopes  are  paved.  Distributing  mains  are  of  cast  iron  and 
service  pipes  of  wrought  iron  lined  with  cement. 


Chemical  Ezaminalion  of  Water  from  the  Tubular  Wells  of  the  Cohasset  Water 

Company. 

[Parts  per  100,000  ] 


Dat9  op 

APrKABAXCB. 

1       Rmidux  om 

EVAPUBATIOM. 

Ammonia..  | 

g 

NiTROQBM 
AS 

5 

1 

f 

1 

1 

1-^ 

1 

i 

§ 

S 

32 

1»'87. 
June   2  June  3 

None. 

Very  slight. 

0.00 

11.97 

_ 

. 

1 

.0034 

1 
.0026  >1.76j'.0380 

_ 

Ser'jiily    6  July    7    None. 

None. 

ft.oo 

13.00 

- 

. 

.0002 

.0010 

1.77':.0200 

- 

470, Aug.   3   Aug.   4 

None. 

None. 

0.00 

14.60 

- 

- 

.0000 

.0016 

1.74 

.0130 

- 

750, Sept.  12   Sept.  13 

Very  Blight. 

Very  slight. 

0.00 

16.20 

- 

- 

.0000 

.0012 

1.76 

.0200 

- 

1028  ;  Oct.  24   Oct.  26 

Very  Blight. 

Very  slight, 
earthy. 

0.00 

16.10 

- 

- 

.0000 

.0000 

1.64 

.0160 

- 

! 

1164  j  Nov.  11   Nov.  12 

None. 

None. 

0.00 

17.20 

- 

- 

1.0000 

.0022 

1.60 

.0180 

- 

1388  ,  Dec.  11  Dec.  13 

None. 

None. 

0.00 

18.90 

- 

- 

.0000 

.0026 

1.57 

.0120 

- 

!                                  1. 
IS  88. 

1648  .Jan.    3  Jan.    6  ;  None. 

None. 

0.00 

16.70 

« 

« 

.0000 

.0014 

1.63 

.0200 

.0010 

1772   Feb.    6  Feb.    8  '  None. 

None. 

0.00 

17.90 

- 

. 

.0000 '.0028 

1.63|  .0200 

.0005 

1979    Mar.    8  Mar.    9 '  Very  alight, 
1                ;    •           |»  milky. 

Slight, 
brown. 

0.00 

11.16 

- 

- 

.0000 

.0038 

1.66'. 0460 

.0001 

2160    Apr.    5  Apr.    6    Very  slight. 

None. 

0.10 

20.90 

- 

- 

.0004 

1 

.0080 

1.61,  .0180 

.0001 

2416  :  May  14   May  16    None. 

None. 

0.00    13.70 

- 

- 

.0000 

1 

.0014 

1.66!'.0400 

.0003 

2876   June  26  June  27  i  None. 

None. 

0.00    15.36 

- 

- 

.0000  .0024 

1.68    .0180 

.0004 

2798  '  July  18  '  July  19    None. 
2917    Aug.  11   Aug.  13  i  None. 

None. 

0.00    17.70 

- 

•- 

.0002  .0016 

1.46  '.0200 

.0001 

None. 

0.00  '  16.60 

- 

- 

.0006  .0026 

1           1 

1.67 

.0120 

.0003 

3238    Sept.  19   Sept.  22    Slight, 
1     milky. 

Very  slight. 

0.00    17.60 

- 

- 

.0000  .0014 

1 

1.66 

1 

.0350 

.0004 

3389    Oct.   17   Oct.  18    None. 

None. 

Very  slight; 
earthy. 

0.00    11.06 

- 

- 

.0000  .0006 

1 
1.26    .0650 

.0000 

3596Vov.  22  Nov.  24    None. 

0.00      9.76 

- 

- 

.0000^.0022 

1 

1.06,  .0460 

1 

.0000 

375.3   Dec.  17   Dec.  20  j!  None. 

None. 

0.00 '  13.95 

- 

- 

.0002 

.0020;  1.46;. 0360 

.0008 

14  89.          1 
3866   Jan.  17   Jan.  18;  None. 

None. 

0.60  ,  12.80 

.X 

- 

.0000 

.0014 

1     '' 

1.46    .02S0 

.0002 

4121    Feb.  25   Feb.  26  ,  None, 

None. 

0.00    14.80 

- 

- 

.0000 

.0028    1.64    .0000 

II 
.0030    1.67  ;. 0400 

.0006 

4342  '  Mar.  20   Mar.  20 

None. 

None. 

0.00    11.95 

- 

- 

'.0000 

.0001 

4465    Apr.    5   Apr.    6 

None. 

None. 

0.00      9.80 

- 

- 

.0004 

.0020    1.37    .0300 

.0001 

4«5    May  13  May  14 ;  None. 

None. 

0.00      8.85 

- 

- 

.0000  .0020    1.38    .0200'.0000 

Av. 

' 

11. iA 

1                  l'                  1 

1 

1 

Hardness  in  June,  1887,  6.4;  in  May,  1888,  6.0.    Odor,  none. The  samples  were  collected  from 

a  faucet  in  the  pumping  sutlon  while  pumping,  with  the  exception  of  Nos.  32, 1979,  3389,  3595,  4342, 
4465  and  4655,  which  were  collected  from  a  flowing  tubular  well  near  the  wells  used  as  sources  of  supply. 
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Microscopical  Examinaiion, 


[Dec. 


1888.                               1 

I                     1889. 

May. 

• 

June. 

July. 

Aug.  j Sept.' Oct. 

Nov.' Dec. 

Jan. 

Feb.   Mar.  Apr. 

1.  Bloe-green  Alge,  .... 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  '  0.0  1  0.0 

2.  Other  Algn 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0  '  0.0  '  0.0 

3.  Fnngl, 

pr. 

1.6 

0.0 

2.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0  !  0.0 

1 

0.0 

4.  Animal  Forms,      .... 

0.0 

.0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1 

0.0 

0.0  1  pr. 

0.0 

Groups  and  principal  genera  of  organisraa  observed :    2.  Zoospores,  Diatomoceie.    3.  Schlzomy- 
eetes,  Leptothrix.    4.  Protozoa,  Sponglaria. 

Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Cohasset 

Water  Company, 

[ParU  per  100,000.] 


Date  or 

Rbsidcx  on 

EVA.P0BATI0N. 

Ammosia. 

1 

1.45 

NlTROOBX 
AS 

s 

1 

|i 

f 

1 

1 

'1 

§1 

1 

i 

il 

1 

s 

s 

29 

18 

June  2 

87. 

June   3 

Slight. 

Very  slight. 

0.05 

12.87 

_ 

_ 

.0008 

.0134 

.0000 

_ 

268 

July    6 

July    7 

Very  slight. 

None. 

0.00 

12.75 

- 

- 

.0008 

.0090 

1.65 

1 

.0000 

- 

409 

Aug.  3 

Aug.  4 

Very  slight. 

None. 

0.00 

12.80 

- 

- 

.0002 

1 

.0103 

1.66; 

.0000 

- 

761 

Sept.  12 

Sept.  13 

Decided. 

Con., green. 

0.05 

15.40 

- 

- 

.0000 

.0128 

1.09- 

.0070      - 

1029 

Oct.  24 

Oct.  25 

Decided. 

Considera- 
ble, brown. 

0.10 

16.00 

- 

- 

.0000 

.0120 

1.68, 

.0000 

- 

1166 

Nov.  11 

Nov.  12 

Decided. 

Con  ..green. 

0.10 

17.40 

- 

- 

.0000 

.0186 

1.66  '.0000 

- 

1387 

Dec.  11 

Dec.  13 

Decided. 

Con.,greon. 

0.15 

17.70 

- 

- 

.0000 

.0132 

1.67  '.0040 

I 

- 

1647 

18 

Jan.    3 

88. 
Jan.    6 

Distinct. 

Sli't,  green. 

0.20 

18.00 

_ 

- 

.0000 

.0140 

1.66,  .0020 

.0000 

1773 

Feb.    6 

Feb.    8 

Slight. 

Sli't,  white. 

0.00 

18.95 

- 

- 

L0002 

.0112 

1.60    .0100;.0004 

1 

1980 

Mar.    8 

Mar.   9 

Slight. 

None. 

0.10 

16.10 

- 

- 

.0004 

.0092 

1.49 

.0070  .0002 

2169   Apr.    6 

Apr.   6 

Slight. 

Very  slight. 

0.00 

18.10 

- 

- 

.0008 

.0060 

1.64 

.0200  .0003 

2417    May  14 

May  15 

Slight. 

Very  slight. 

0.05 

17.20 

- 

- 

.0000 

.0080 

1.57 

.0060  .0001 

2675   June  26 

June  27 

Very  slight. 

Verj- slight. 

0.00 

16.60 

- 

- 

.0000 

.0110 
.0094 

1.55 

.0020  .0001 

1 

2799 

July  18 

July  19 

Very  slight. 

Very  slight. 

• 

0.00 

18.30 

- 

- 

.0014 

.0082 
.0070 

1.57 

.0020 

.0001 

2918 

Aug.  11 

Aug.  13 

Slight. 

Considera- 
ble, brown. 

0.00 

18.50 

17.90 

- 

- 

.0000 

.0054 
.0030 

l.W 

.0080 

.0001 

8239 

Sept.  19 

Sept.  22 

Distinct. 

Slight, 
green. 

0.00 

17.40 

- 

- 

.0000 

.0132 
.0074 

1.54 

.0020 

.0005 

3390 '  Oct.  17 

Oct.  18 

Distinct. 

Considera- 
ble. 

0.00 

. 17.15 
16.50 

- 

- 

.0002 

.0116 
.0058 

1.53 

.0020 

.0000 

3696  Not.  22 

Nov.  24 

DlsUnct. 

Heavy, 
green. 

0.00 

17.10 
16.50 

- 

- 

.0000 

j 

.0160 
.0064 

1.49 

1 

.0040 

.0001 

8766   Dec.  17 

Dec.  20 

DUtlnct. 

Considera- 
ble, green. 

0.00 

16.60 

- 

~ 

.0000 

i 

.0192 
.0042 

1.64 

.0020  .0002 
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Chemical  Examination  of  Water  from  the  Distributing  Jteservoir  of  the  Cohasset 
Water  Company — Concluded. 


DATS  OF 

Appbahancb.              I 

Rksidub  om 
Evaporation. 

AXXOKIA. 

i 

NlTBO«KN 

AS 

X 

i 

Exam- 
ination. 

6 

1 

1 

1 

§1 

1-^ 

1 

A 

< 

1 

£ 

i 

i 

3866 

18 

Jan.  17 

8.. 

Jan.  18 

DlBtlnct. 

Very  Blight. 

0.00 

15.05 
14.75 

- 

- 

.0000 

.0106 
.003B 

1.45 

.0060 

.0005 

4122 

Feb.  25 

Feb.  26 

Very  slight. 

4 

Very  Blight, 
hatr.like. 

0.00 

IS.35 

- 

- 

.0000 

.0034 
.0018 

1.48 

.0100 

.0002 

4S«8 

Mar.  20 

Mar.  20 

1 

Very  Blight. 

None. 

0.00 

16.15 

- 

- 

.0000 

.0058 
.0046 

1.43 

.0090 

.0001 

4466 

Apr.    5 

Apr.    5 

Slight. 

Very  Blight. 

0.00 

16.15 

- 

- 

.0004 

.0078 

1.43 

.0100 

.0002 

4656 

May  13 

May  14 

J 

L. 

Slight. 

Slight. 

0.03 

16.70 

- 

1 

.0014 

.0126 
.0076 

11.47 

.0020 

.0003 

At. 

!              1 

0.03 

16.32 

- 

1 

.0003 

.0110 

1.5T 

.0048 

.0002 

1 ! 

_ 

HardnesB  In  June,  1887,  5.6;  In  May,  1888,  8.8.    Odor,  generally  none,  occasionally  mouldy  and 

Bllghtly  disagreeable. The  samples^  numbered  29,  268,469,  751,  1029,  1165,  1387.  1547,  2159,  2675  and 

2799  were  collected  from  the  reser\-oir.    The  remaining  samples  were  collected  from  a  faucet  In  the 
hoase  nearest  the  reservoir,  just  before  beginning  to  pump. 


%[icroscopical  Examination. 


1.  Blue  green  Algsp, 

2.  Other  Alg»,    . 

3.  Fan|i, 

4.  Animal  Forms, 


June.  July.  Aug. 


0.0 '   0.0  0.0 

0.2    12.7  7.1 

0.0     O.o!  0.1 

pr.     1.2  0.0 


Sept.  Oct.   Not.  Dec. 


0.0 

0.0, 

0.0 

6.1 

0.5 

7.0 

0.0 

0.0 

0.0 

pr. 

pr. 

pr. 

0.1 
0.0 
8.0 


0.0 
3.4 
0.0 
0.0 


Mar.  Apr.  May. 


0.0 j   0.0 
9.5I   0.2 


O.Oi    O.Oi   0.0 
pr.  I   pr.  I   pr. 


0.0  I    0.0 

I 
0.1     2.7 

0.0 


0.5 


Groups  and  principal  genera  of  organisms  observed  :  2.  Palmellace»;  Chlorococeuii,  ProtococcuJt; 
Zooaporeae;  Desmldiaceee.  Clonterium,  Co«marium;  Diatomaceie,  Synedra.  3.  Schizomycetes.  4. 
Protozoa,  Trachelomonaa;  Rotifera. 


Chemical  Examination  of  Water  from  the  Brook  near  the  Tubular  Wells  of  the 
Cohasset  Water  Company. 

[Parta  per  100,000.] 


Datb  or 

Appbarakcb.                i 

Kbsiduk  on 
Evaporation. 

Ammonia. 

1 

Nitrogkn 

AS 

& 

3 

.1 
1' 

Turbidity. 

«j 

1 

Ji 

P 

i 

1 

1 

< 

1 

1 
1 

25 

1168 

18 

Nov.  11 

87. 

Nov.  12 

Very  slight. 

Blight, 
brown. 

0.7 

1 

10.70  3.23 

7.47 

.0012 

.0357 

2.37 

.0100 

- 

Odor,  very  faint  or  none. The  sample  was  collected  f^om  the  brook. 
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Water  Supply  of  Concord. 

Description  of  Works.  — Population  in  1885,  3,727.  The  works 
are  owned  by  the  town,  and  Tyere  constructed  in  1873.  About  2,500 
people  were  supplied  in  1887.  The  source  of  supply  is  Sandy  Pond 
in  Lincoln,  from  which  water  is  drawn  at  a  point  280  feet  from  shore 
and  1\  feet  below  high  water.  Area  of  pond,  150  acres.  Drainage 
area,  about  330  acres  including  the  area  of  the  pond.  Water  flows 
by  gravity  to  the  town  and  to  a  distributing  reservoir.  The  area 
of  this  reservoir  is  about  |  of  an  acre 5  depth  at  high  water,  13^ 
feet ;  capacity,  2,500,000  gallons.  Its  bottom  is  of  concrete  and  the 
slopes  are  paved.  Distributing  mains  are  of  cement-lined  wrought 
iron.     Service  pipes  are  of  lead  and  enameled  iron. 

The  same  source  of  supply  is  used  by  the  towns  of  Concord  and 
Lincoln. 


Chemical  Examination  of  Water  from 

Sandy  Pond  in  Lincoln 

[Parts  per  100,000.] 

Date  or 

Appkabavcb. 

Rksiduk  on 

EVAPOKATION. 

Ammonia. 

e 

i 

,    NiTKOOXX 
A8 

1 

9 

j 

1^ 

f 

4i 

0.10 

■1 

§1 

1 

1 

i^ 

i 

1 

5Z5 

S 

86 

18 

June  10 

87. 

June  11 

Decided. 

Consid'ble, 
brown. 

2.67 

0.85 

1.82 

.0007 

.0094 

.24 

.0070 

- 

307 

July  11 

July  12 

Very  slight. 

Consid'ble, 
brown. 

0.10 

2.90 

1.15 

1.75 

.0000 

.0147 

.20 

.0030 

- 

630 

Aug.  11 

Aug.  12 

Very  ellght. 

Ck)nsid'ble, 
brown. 

0.05 

3.16 

0.92 

2.23 

.0004 

.0144 

.27 

.0000 

- 

760 

Sept.  13 

Sept.  14 

Distinct. 

Consid'ble, 
brown. 

0.05 

8.55 

0.80 

2.76 

.0002 

.0191 

.23 

.0030 

- 

974 

Oct.  18 

Oct.  19, 

Very  slight. 

Consid'ble, 
yellow. 

0.00 

2.75 

0.80 

1.95 

.0000 

.0123 

.22 

.0000 

- 

1166 

Nov.  10 

Nov.  12 

Verysllght. 

Very  Blight. 

0.00 

2.27 

0.45 

1.82 

1.0000 

.0124 

.24 

.0030 

- 

1393 

Dec.  12 

Dec.  14 

Verysllght.  None. 

0.05 

2.50 

0.66 

1.95 

.0002 

.0128 

.29 

.0020 

- 

1577 

18'88. 
Jan.  11  [Jan.  12  1 

Slight. 

Verysllght. 

0.00 

2.00 

0.60 

1.40 

.0000 

.0148 

1 

.26 

.0050 

.0001 

1787 

Feb.    8  Feb.  10 

Slight. 

None. 

0.00 

2.50,0.76 

1.75 

.0000 

.0132 1 

.28 

.0050 

.0000 

19S9 

Mar.    9  Mar.  10    Very  Blight. 

Very  alight. 

0.00  '   2.50 

0.60 

'  1.90' 

.0000 

.0100 ; 

.26 

.0060 

.0001 

2205 

Apr.  12   Apr.  13 

Slight. 

None. 

0.00  ,    2.45 

0.60 

1.85 

.0000 

.0114 

.23 

.0080 

.0000 

2395 

May  10  May  10 

Slight. 

Very  slight. 

0.06      2.65 

1 

1.05 

1.80 

.0000 

r 

.0102 

.22 

.0050 

.0001 

Av. 

; 

/ 

(L03 

1 
2.66  n.7fl 

1.90 

i 

.0001  .01^ 

.26 

.0041 

.0001 

i 1 

! 

Hardness  in  May,  1888,  1.3.    Odor  very   faint  or  none. The  samples  were  collected  from  a 

faucet  in  the  State  Reformatory. 

Microscopical  Examhiation. 

April,  May,  1888.   1.  Blue-green  algfe,  0.0;  2.   Other  algsD,  pr. ;  3.  Fungi,  0.0;  4.  Animal  forms,  pr. 
Groups  and  principal  genera  of  organismB  observed :    2.  Diatomacen.    4.  Protozoa. 
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Ground  'VVater  Supply  of  the  Massachusetts  REroRMATORY, 

Concord. 
The  main  water  supply  of  the  Reformatory  is  now  obtained  from 
the  Concord  Water  Works,  but  it  was  formerly  obtained  from  a  sys- 
tem of  tubular  wells  located  near  the  Reformatory.  These  wells  have 
been  used  as  a  source  of  supply  at  times  during  the  summer  as' 
recently  as  1888.  There  are  32  wells  in  all,  1^  inches  in  diameter 
and  40  to  60  feet  deep,  sunk  in  the  sandy  tract  of  land  between  the 
wall  surrounding  the  Reformatory  and  the  Assabet  River.  The 
sewage  from  the  Reformatory  and  from  the  dwellings  of  the  officers 
is  now  disposed  of  J>y  filtration  through  the  sandy  land  on  both  sides 
and  back  of  the  wells  and  within  a  few  hundred  feet  of  them.  The 
population  at  the  Reformatory,  including  officers,  is  about  1,000,  and 
the  quantity  of  water  used  is  approximately  100,000  gallons  per  day. 


Chemicai  Examinaiion  of  Water  from 

the  Tubular  Wells  at  Concord 

Bef 

orma 

toru. 

[Part 

»  per  100,000.] 

Bate  op 

Appkaeamce. 

Residue  oh 

EVAPORATIOV. 

Amxomia. 

1 

Nitrogen 

A0 

1 

s 

i| 

^ 

1 

1 

§1 
1- 

1 

1 

|S 

i 
1 

>5 

i 
s 

806 

18 

July  11 

87. 

July  12 

None. 

flight. 

0.0 

18.40 

_ 

_ 

.0036 

.0019 

2.81 

.2600 

_ 

&20 

ADg.  11 

Ang.  12 

None. 

None. 

0.0 

15.30 

- 

- 

.0006 

.0016 

2.27 

.8450 

- 

7«1 

Sept.  18 

Sept.  14 

None. 

None. 

0.0 

10.40 

- 

- 

.0002 

.0020 

2.30 

1.300 

- 

035 -Oct.  10 

Oct.  11 

None. 

None. 

0.0 

16.05 

- 

- 

.0000 

.0026, 

.2.74 

.9700 

- 

2440 

18 

May  16 

88. 
May  17 

None. 

None. 

0.0 

20.05 

- 

- 

.0440 

1 
.0040' 

4.09 

.7600 

.0015 

2441 

May  17 

May  17 

^K""' 

Slight, 
brown. 

0.0 

22.95 

- 

- 

.0480 

.0056 

4.49' 

1 

.7600 

.0020 

2580 

May  29 

May  29 

None. 

None. 

0.0 

1 

22.65 

- 

- 

.0770 

.0036 

1 
4.76; 

.8000 

.0022 

2540 

June  1 

June  1 

None. 

None. 

0.0 

22.70 

- 

- 

.0600 

.0160 

4.41 

.7200 

.0020 

3904 

18  89. 

Jan.  23  Jaa.  23 

None. 

None. 

0.0 

19.15 

. 

_ 

.0042 

.0024 

3.10 

.4250 

.0004 

3029 

Jan.  25;  Jan,  25  '  None. 

None. 

0.0 

10.60 

- 

- 

.0056 

.0028 

3.21 

1.000 

.0007 

8945 

Jan.  so:  Jan.  30 

None. 

None. 

0.0  1 

21.20 

- 

- 

.0020 

.0044 

3.40 

1.600 

.0007 

3902 

Feb.    7  Feb.    8 

None. 

None. 

0.0 

23.40 

- 

- 

.0040 

.0020 

3.60 1 

1.600 

.0010 

4025 

Feb.  16  Feb.  16 

None. 

^None. 

0.0 

20.20 

- 

.0036 

.0022 

3.20 

1 

1.200 

.0012 

Av. 

0.0 

20.22 

- 

.0194 

.0039 

3.42 

.9400 

.0013 

1                J 

Hardnete  in  July,  1887, 4.0 ;  In  May,  1888,  7.6.    Odor,  faint,  peculiar,  aoroetimea  like  coal  tar. The 

aamples  were  collected  from  a  faucet  in  the  pumping  Btation.  The  first  group  of  samples  (Nos.  306  to  925) 
were  collected  at  regular  monthly  intervals  while  water  was  being  pumped  for  the  supply  of  the  Reform- 
atory. No*.  2440  and  3004  were  collected  when  pumping  was  resumed  after  the  wells  had  been  out  of  use 
fora  long  time.  No.  2440  was  collected  May  16, 1888,  at3  p.m.,  and  No.  2441  was  collected  May  17  at  7.30  a.x. 
No.  2530  waa  collected  after  pumping  for  about  three  weeks  the  amount  necessary  to  supply  the  Reform- 
atory. No.  2540  was  collected  after  pumping  12  hours  at  the  full  capacity  of  the  pumps.  No. 3904  was 
collected  after  the  pumps  had  been  running  for  about  12  hours  and  60,000  gallons  of  water  had  been 
drawn  from  the  weUs.  No.  3929  was  collected  60  hours  after  beginning  to  pump  and  after  about  230,000 
sallona  had  been  drawn  from  the  wells.  No.  3945  was  collected  after  880,000  gallons  had  been  drawn 
from  the  wells.    Of  thia  amount,  650,000  gallons  were  drawn  after  the  collection  of  No.  3929. 
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Microscopical 

Examination. 

181*8. 

188». 

Mayl6.;>U.vl7. 

Mny  29.    June  1. 

Jan.  23. 

Jan.  25. 

Jan.  80. 

Feb.  7. 

Feb.  le. 

1.  Blue-green  Algae, 

0.0 

0.0 

0.0 

- 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algae, . 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.  Fungi,    .... 

0.0 

0.0 

0.0 

0.0 

0.0' 

0.0 

0.0 

0.0 

4.  Animal  Forms,    . 

> 

0.0 

0.0 

0.0 

- 

0.0 

0.0 

0.0 

pr. 

0.0 

Qroupt  and  principal  genera  of  organlamt  observed :    4.  Protozoa. 


Chemical  Examiiiation  of  Water  from  Warner^ s  Pond^  CoTicord, 

[Parts  per  100,000.] 


Datb  or 

Appeabakcb. 

EVArORATIOX. 

Ammomia. 

1 

KlTBtXlBS 
AS 

i 

a 

B 
'/5 

1 

§1 

Turbidity. 

1 

o 

3 

1 

i 

1^ 

Z 

S 

1««9. 

1 

1     1 

1 

4143 

Feb.  27  1  Feb.  28 

■  Very  slight.  None. 

0.7, 

.0010 

.0204 

.26 

.0070  .0001 

! 

4.S0 

1.90     2.70 

1 

.0174 

1 

Odor,  faintly  vegetable. The  sample  was  collected  from  the  pond. 


Water  Supply  of  Dalton  Fire  District,  Dalton. 

Description  of  Works.  —  Population  of  the  town  in  1885,  2,113. 
The  works  are  owned  by  the  Fire  District,  and  were  constructed  in 
1884.  About  225  families  were  supplied  in  1887.  The  source  of 
supply  is  Egypt  Brook,  on  or  near  which  a  small  storage  reservoir 
is  built.  The  reservoir  is  200  feet  square  and  12  feet  deep.  Water 
is  usually  drawn  from  the  brook  above  the  reservoir,  and  the  latter  is 
kept  in  reserve.  Water  is  distributed  by  gravity.  Distributing 
mains  are  of  cast  iron  and  service  pipes  of  galvanized  iron. 
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Chemical  Examination  of  Water  from  Egypt  Brook. 

[Parts  per  100,000.] 


Datb  ow 


Appbaxancb. 


I 


I 


I 


IH  87. 

55  .  June    7  <  June  9  '•  None. 

305  July  11  July  12  Xone. 
478  Aug.  4  '  Aug.  5 '  None. 
707    Sept.    7 -Sept.  8    Very  alight, 


1324 


1990 


Dec.    5    Dec.    6  I  None. 


None. 
Xone. 
Xone. 
Xone. 
Xone. 


lASS. 
Mar.  10    Mar.  12    Very  slight.  Xone. 


2402    May  10  ,  May  11 1  Xone. 


Xone. 


Rbsidi'k  on 
>     Eva  Fo  RATION. 

§1    ^ 
|5   1 

0.15 
0.90 
0.40 


2.57 '1.07     1.60 
3.82   1.50,    2.32 


3.17   0.95 

j  I 

0.15  I    2.35   O.eO 

l"  I 

0.10      2.60   0.75 


0.10' 
0.20- 


2.25   0.55 
2.45  1 1.06 


0.29 'I    2.73,0.92 


2.22 
1.75 
1.75 

1.70 
1.40 


1.81 


1  Ammohia. 

1 

< 

.0003 
.0006 
.0004 
.0002 
j.OOOO 

.0000 
.0000 

.0002 

.0076 
.0142 
.0064 
.0076 
.0050 

.0068 
.0082 

.0080 

1  .05 
.10 
.09 
.05 

.    .04 

.08 
.05 

.07 

Nithookn 

AS 

9. 

S 

.0190 

_ 

.0000 

- 

.0260 

- 

.0130 

- 

.0270 

- 

.0400 

- 

.0120 

.0001 

Hardnees  in  May,  1888, 1.9.    Odor,  very  faiut  or  none. The  samples  were  collected  from  a  faucet 

in  the  village. 

Microscoj)ical  Examinalion. 

May,  1S88.    An  insignificant  number  of  diatoms  present. 


Water  Supply  of  Danvers. 

Description  of  Works.  — Population  in  1885,  7,061.  The  works 
are  owned  by  the  town  of  Danvers.  Water  was  introduced  in  1876. 
The  average  daily  consumption  in  1888  was  463,700  gallons.  The 
source  of  supply  is  Middleton  Pond,  also  known  as  Forest  Lake,  in 
Middleton.  Area  of  pond,  90  acres;  general  depth,  25  feet;  maxi- 
mum depth,  33  feet;  bottom,  sandy.  In  1884  the  pond  was  raised 
2  feet  by  a  dam  built  at  the  outlet.  There  are  30  acres  of  swamp 
bordering  the  pond.  The  drainage  area,  which  is  said  to  contain 
about  2,200  acres,  is  hilly  and  well-wooded.  The  soil  is  generally 
gravel.  There  is  no  population  on  the  drainage  area,  and  but  very 
little  cultivated  land. 

Pumps  force  the  water  from  the  pond  to  an  open  distributing 
reservoir.  Area  of  reservoir,  three-quarters  of  an  acre;  depth,  21 
feet;  capacity,  5,500,000  gallons.  Its  shape  is  irregular.  It  is 
surrounded  by  vertical  stone  walls  and  has  a  bottom  of  clay  covered 
with  gravel.  Distributing  mains  and  service  pipes  are  of  wrought 
iron  lined  with  cement.  The  town  was  authorized  to  take  the  waters 
of  Swan's  Pond  and  to  connect  it  with  Middleton  Pond,  but  the 
connection  has  not  yet  been  built.  Water  is  supplied  by  Danvers 
to  a  portion  of  the«town  of  Middleton. 
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[Dec. 


Chemical  Examination  of  Water  from  MdcUeton  Pond  in  Middleton. 

[Parts  per  100,000.] 


Date  of 

Appbabaucb. 

Rbsidub  ox 
Evaporation. 

1    AUUOMIA. 

1 

i 

NiTKOGEN 
AS 

1 

j 

ii 

Turbidity. 

1 
1 

i 

1 

§1 

1 

f 

II 

1 

SB 

1 

.    t 

55 

157 

18 

June  20 

87. 

June  22 

None. 

SUght. 

1.00 

4.60 

2.17 

2.48 

j 

.0019  .0209 

.38    .0130 

. 

368 

Jaly  20 

July  20 

Slight. 

Slight. 

0.90 

4.02 

1.57 

2.45 

|. 0002  .0155 

.36.. 0000 

j. 

- 

665 

Aug.  17 

Aug.  18 

VeryaUght. 

None. 

0.60 

4.62 

1.12 

3.40 

.00021.0178 

.34 '  .0070 

1 

- 

763 

Sept.  14 

Sept:  14 

Slight. 

Very  sUght. 

0.30 

4.30 

1.42 

2.88 

.0002 

.0210 

.37  '.0030 

- 

986 

Oct.  18 

Oct.  20 

Very  alight. 

None. 

0.40 

4.25 

0.96 

8.30 

.0000 

.0178 

.39 

.0070 

- 

1302 

Nov.  16 

Nov.  17 

'VerysUght. 

1 

Slight, 
earthy. 

0.65 

4.16 

1.30 

2.85 

.0000 

.0186 

.84 

.0030 

- 

1451 

Dec.  19 

Dec.  21 

Veryilight. 

Very  slight. 

0.45 

4.85 

1.60 

8.25 

.0012 

.0201 

.47 

.0060 

- 

1627 

18 

Jan.  17 

88. 
Jan.  19 

Very  alight. 

VerysUght. 

0.60 

4.55 

1.60 

2.95 

.0000 

.0172 

.31 

.0070 

- 

1840 

Feh.  15 

Feb.  17 

Very  allghL 

VeryaUght. 

0.70 

4.60 

1.66 

2.95 

.0008 

.0227 

.41 

.0130 

.0001 

2067 

Mar.  19 

Mar.  20 

Slight. 

Very  sUght. 

0.80 

4.56 

1.36 

8.20 

.0004 

.0207 

.39 

;.oo80 

.0001 

2246 

Apr.  17 

Apr.  19 

Slight. 

Very  slight. 

0.80 

8.90 

1.60 

2.40 

.0010 

.0200 

.33 

'.0050 

.0002 

2484 

May  16 

May  17 

Very  Blight. 

VerysUght. 

0.40 

4.15 

1.55 

2.60 

.0006 

.0232 

.34 

.0080 

.0001 

2667 

June  26 

JunoS7 

VerytUght. 

None. 

1.10 

8.90 

1.55 

2.35 

.0028 

.0210 

.34 

.0020 

.0000 

2783 

July  17 

July  18 

SUght. 

Very  sUght. 

0.75 

8.85 

1.55 

2.80 

.0000 

.0254 
.0230 

.32 

.0020 

.0001 

2031 

Aug.  14 

Aug.  14 

Slight. 

VeryaUght. 

0.50 

8.75 

1.55 

2.20 

.0000 

.0222 
.0188 

.39 

.0060 

1 

.0000 

8210 

Sept.  18 

Sept.  19 

SUght. 

VeryaUght. 

0.30 

8.55 

1.35 

2.20 

.0006 

.0188 
.0182 

.33 

.0080 

.0002 

8373 

Oct.  16 

Oct.  17 

Very  alight. 

SUght. 

0.60 

8.80 

1.45 

2.85 

.0004 

.0214 
.0178 

.32 

.0050 

.0001 

8680 

Nov.  20 

Nov.  21 

VerysUght. 

VerysUght. 

0.80 

4.10 

1.80 

2.80 

.0012 

.0248 
.0216 

.34 

.0080 

.0001 

8707 
3864 

Dec.  13 

18 

Jan.  17 

Dec.  14 

89. 

Jan.  18 

Very  alight. 
None. 

SUght. 
earthy. 

VerysUght. 

0.70 
0.30 

4.00 
2.85 

2.05 
0.90 

1.95 
1.95 

.0008 
.0016 

.0222 
.0214 

.0134 
.0134 

.37 
.24 

.0030 
.0060 

.0001 
.0003 

4092 

Feb.  21 

Fob.  23 

Very  slight. 

VerysUght. 

0.45 

4.05 

1.30 

2.75 

.0040 

.0146 
.0124 

.32 

.0080 

.0000 

4338 

Mar.  19 

Mar.  20 

Slight. 

SUght. 

0.70 

3.65 

1.50 

2.15 

.0000 

.0862 
.0164 

.35 

.0030 

.0001 

4521 

Apr.  16 

Apr.  17 

Very  alight. 

SUght. 

0.60 

8.55 

1.55 

2.00 

.0004 

.0212 
.0186 

.32; 

.0020 

.0001 

4662 

May  13 

May  14 

Slight. 

VerysUght. 

0.70 1 

1 

8.75 

1.95 

2.20 

.0010 

.0198 
.0172 

.35 

1 

.0020 

.0001 

Av. 

0.62 

4.37   1.48 

2.80 

.0008 

.0207 

.35 

.0049 

nnoT 

1 

Hardneis  In  May,  1888,  1.3.    Odor,  very  faint  or  none,  occasionally  faintly  vegetable. The 

samples  were  collected  from  a  faucet  at  the  pumping  station,  while  pumping,  or  from  tl^  pond.  Sample 
No.  1451  was  drawn  through  new  ceraent-Uned  pipe.  The  level  of  Middleton  Pond  fluctuated  8.10  feet 
from  January,  1888,  to  May,  1889.  The  highest  points  were  reached  in  May,  1888,  and  March^  1889,  and 
the  lowest  in  September,  1888. 
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1888. 

1880. 

June. 

July.!  Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar.j  Apr. 

M... 

1.  Bine-green  Alge,  .... 

0.2 

pr. 

0.1 

0.2 

pr. 

pr. 

pr. 

0.0 

0.0     0.0 

0.0 

pr. 

2.  Other  Algn, 

0.6 

10.1 

20.5 

8.8 

6.0 

17.6 

23.9 

15.8 

63.0   62.0 

10.4 

1.2 

3.  Fnngi, 

pr. 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  ADimnl  FormB,      .... 

pr. 

0.3 

0.0 

0.1 

0.1 

0.1 

0.1 

0.1 

1.7 

1.1 

1.6 

0.2 

OrooDB  and  principal  genera  of  organiima  observed:  1.  Cyanophycen.  2.  Palraeilacen,  Chloro- 
coccus:  Zooaporefle;  l>eemidlace8e;  Dtatomaceie,  Aaterioneila,  Melorira,  Stf^phanodiMcua,  Synedra, 
TabtUaria.    3.  Schizomycetee.    4.'  Vrotozoskf  Dinobryon;  Spongiarla;  Rotlfera;  Kntomoetraca. 

Chemical  ExamincUion  of  Water  from  the  Danvers  Distributing  Reservoir, 

[Part*  per  100,000.] 


Datb  of 

Appsabaxcb. 

Rrsiduk  on 
Evaporation. 

Ammonia. 

1 

6 

NiTROOKN 
A8 

i 
§ 

1 

1^ 

f- 

^ 

1 

H 

il 

s 

il 

< 

s 
i 

'            1887. 

158   Jane  2U.  J  one  22 

Slight. 

Con.,brown 

0.90 

4.47 

2.22 

2.25 

.0014 

.0195 

i; 

.39  j.ooeo 

_ 

800  .  Jaly  20 '  July  21 

Slight. 

Slight. 

0.70 

4.32 

1.40 

2.92 

.0002 

.0201 

.36 

- 

- 

668    Anff.n 

Aug.  18 

None. 

None. 

0.50 

4.67 

1.52 

3.15 

.0000 

.0192 

.36 

.0000 

- 

060  i  Oct.   18 

1 

Oct.  10 

Very  slight. 

0.90 

4.30 

1.20 

3.10 

.0000 

.0241 

.38 

.0070 

- 

1201 '  Nov.  16 '  Nov.  17 

Slight. 

Very  slight. 

0.55 

4.45 

1.56 

2.90 

.0000 

.0198 

.40 

1 

.0050 

- 

1437   Dec.  19  Dec.  19 

Very  slight. 

Slight. 

0.70 

4.85 

1.65 

3.20 

.0000 

.0186 

.60 

.0040 

- 

18 

1«16   Jan.  17 

88. 
Jan.  18 

Slight. 

Very  slight. 

0.60 

5.00 

1.76 

8.25 

.0003 

.0202 

.34 

.0070 

„ 

1819 

Feb.  14 

Feb.  15 

Very  Blight. 

Very  slight. 

0.80 

4.60 

1.76 

2.85 

.0004 

.0235 

.43 

.0090 

.0000 

2U0    liar.  19 

Mar.  19 

Very  alight. 

Sirt,brown. 

0.70 

4.80 

1.50 

8.80 

.0008 

.0190 

1 

.41: 

.0100 

.0000 

2235  ■  Apr.  17 

Apr.  18 

Very  alight. 

Very  slight. 

0.60 

4.20 

1.25 

2.95 

.0000 

.0202 

.86 

.0100 '.0001 

2457    May  18 

May  18 

Distinct. 

Con.,brown 

0.60 

4.45 

2.00 

2.45 

.0004 

.0224 

.32  '.0050 '.0001 

Av. 

0.67 

4.56 

1.62 

2.94 

.0003 

.0206 

.39  1  nnAi  '    _ 

1 

Hardness  in  May,  1888, 1 .8.    Odor,  very  faint  or  none,  occasionally  faintly  vegetable. The  samples 

were  collected  from  a  faucet  in  the  town. 


Microscopical  Examination. 


1888. 


March. 


April. 


1.  Bine-green  AlgSB, 

2.  Other  Alga?, 

3.  Fnngl,  . 

4.  Animal  Forms,    . 


0.0 


pr. 
0.0. 


pr. 


0.0 
pr. 
0.0 
pr. 


pr. 
pr. 
0.0 
pr. 


Groups  and  principal  genera  of  organisms  observed:    1.  Cyanophycese.    2.  Palmellacese ; 
aeesB.    4.  Protoxoa;  Rotlfera;  Entomostraca. 


Diatom- 
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Chemical  ExamincUion  of  Water  from  PutrumCs  Pond,  Danvera, 

[Parta  per  100,000.] 


4100 


Datb  Of 


1889. 

Mar.   2!  Mar.   4 


Appeabakcb. 


Slight. 


Very  slight 


RRglDDB  OV 
EVAW>RATIOM. 


8.90 


si 


2.25 


6.65 


Ammovia. 


•9 

A 

< 


KITBOGE9I 
AS 


Olge    1.53 

,0122: 


.0800,. 0010 


Odor,  mDsty  and  disagreeable. The  sample  was  collected  from  the  pond. 


Water  Supply  of  Dedham.  —  Dedham  Water  Company. 
Description  hf  Works, — Population  in  1885,  6,641.  The  works 
are  owned  by  the  Dedham  Water  Company.  Water  was  introduced 
in  1881.  The  average  daily  consumption  in  1888  was  180,000  gallons. 
The  source  of  supply  is  a  well  on  the  right  bank  of  Charles  River, 
just  above  the  village.  The  well  is  situated  about  40  feet  from  the 
river ;  it  is  26  feet  in  diameter  and  18  feet  deep.  The  walls  are  of 
stone,  lined  inside  with  brick  laid  in  cement.  A  cast-iron  pipe  16 
inches  in  diameter  leads  to  a  pump  well  50  feet  away.  This  well  is 
8  feet  in  diameter  and  18  feet  deep.  Both  wells  are  covered  to 
exclude  light.  There  is  no  direct  connection  between  the  wells  and 
the  river ;  but  a  connection  has  been  made  from  the  river  to  a  large 
duplex  pump  for  use  in  cases  of  emergency ;  it  has  been  used  once. 
Pumps  force  the  water  to  an  open  iron  tank  20  feet  in  diameter  and 
103  feet  high.  Distributing  mains  are  of  wrought  iron  lined  with 
cement.     Service  pipes  are  of  enameled  iron. 

Chemical  Examination  of  Wetter  from  the  Well  of  the  Dedham  Water  Company. 

[Parts  per  100,000.] 


Dath  op 

ArPBARAKCB. 

Rbsidue  on 

EVAPOHATION. 

Akmokia.  1 

2 
1 

s 

NZTBOOBir 
AS 

1 

s 

i 

|1 

^ 

i 
1 
1 

1 

i 

li 

i 

in 

< 

i 

85 

18 

June  10 

87. 

June  11 

None. 

None. 

0.0 

10.80 

„ 

.0001 

.0007 

0.80 

.1600 

_ 

263 

Jaly    6 

July    7 

Slight. 

None. 

0.0 

10.10 

- 

- 

.0004 

.0017 

0.91 

.1950 

- 

409 

Aug.  8 

Aug.  9 

None. 

None. 

0.0 

13.10 

- 

- 

.0006 

.0014 

1.09 

.3000 

- 

701 

Sept.  7 

Sept.  8 

Very  slight. 

None. 

0.0 

11.76 

- 

- 

.0000 

.0009 

1.06 

.2600!    - 

1113 

Nov.    7 

Nov.   8 

None. 

None. 

0.0 

9.46 

- 

- 

.0000 

.0007 

0.04 

.3000      - 

mi 

Dee.    0 

Dec.  10    None. 

None. 

0.0 

10.60 

- 

- 

.0000 

.0016 

1.01 

..TOOO 

1 

- 
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Chemicai  Examination  of  Water  from  the  Well  of  the  Dedham  Water 
Company — Concluded. 


Datk  or 

APPSABAiroS. 

Rbsidci  om 

EVAPOaATIOV. 

AHMOHIA. 

1 

1  NiTROGBX 

1 

8 

1 

i 

f  • 

1 

1 

i 

It 

1 

1 

i 

1 

S 

1551 
1757 
1055 
2100 
23M 

4583 

IS 

Jan.    6 

Fob.    e 
Mar.   6 
Apr.    9 
May    9 

IS 

Apr.  25 

S9. 
Jan.    7 

Feb.    7 

Mar.    7 

Apr.  10 

May  10 

SO. 

Apr.  27 

None. 
None. 
None. 
None. 
Veryellght. 

None. 

None. 
None. 
None. 
None. 
None. 

None. 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

10.30 
11.00 
10.10 
0.55 
10.05 

0.15 

- 

- 

.0000 

.0002 
.0000 
.0010 

.0000 

.0012 
.0010 
.0014 
.0008 
.0012 

.0020 

.0012 

0.00 
l.OS 
0.82 
0.88 
0.01 

0.03 

«.« 

.2700 
.2000 
.2500 
.2700 
.8250 

.1700 

.2658 

.0000 
.0002 

.0000 
.0000 
.0000 

.0000 

Av 

10.67 

- 

- 

.0002 

HardneM  In  May,  1888,  4.5.-  Odor,  none. The  samples  were  collected  from  a  faucet  at  the 

pumping  station  while  pumping. 

Microscopical  Examiruiiion, 


1.  Bine-green  Aig», 

2.  Other  Alg», 
8.  Fnngl, 

4.  Animal  Forms,  . 


18SS« 


Apr. 


0.0 


pr. 
0.0 
0.0 


May. 


0.0 
pr. 
0.0 
0.0 


18S9. 


Apr. 


0.0 
0.1 
0.0 
0.0 


Groups  and  principal  genera  of  organisms  observed :    2.  DiatomacesB. 


Dracut. 
Chemical  Examihalion  of  Water  from  Beaver  Brook  in  Draeui. 

[Parts  per  100,000.] 


Apfbakaxcb. 


Raaioca  on 

EVAFOKATIOir. 


il 


Ammonia. 


la 


KlTROOBN 
AS 


^1        18  se. 

4721,  May  22  i  May  23 


Slight. 


Coo8ld*ble. 


1.3 


4.55 


2.20 


2.85 


.0010 


.0318! 
.0302 


.13 


,0002 


Odor,  very  faintly  vegetable. The  sample  was  collected  from  the  brook  at  the  dam  of  Parker 

k.  Bassett*s  paper  mill.    Water  was  running  over  the  dam  about  sis  Inches  In  de^th,  due  to  rains  of 
May  20  and  21. 

Microscopical  Examination. 

May,  1880.    1.  Blue-green  alg»,0.0;  2.  Other  algas,  0.3.    Qroups  and  principal  genera  of  organisms 
observed:    2.  Zooeporeie;  Diatomacote;  Desmldiacen. 
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Water  Supply  of  East  Bridqewater. 
This  town  is  supplied  jointly  with  Bridgewater  by  the  Bridge- 
waters  Water  Company.     See  Bridgewater. 

Eastham. 
Chemical  Examination  of  Water  from  Herring  Pond  in  Eastham. 

[ParU  i>«r  lOO.OOO.J 


Datb  Of 


Appearaxcb. 


Rmiocb  out 

EVAPUBATION. 


Amxohia. 


£8 


KlTROQKH 


j 

^ 

2 

2 

'•; 

2982 


18 

Aug.  18 


89. 

Aag.2Q 


Blight. 


Blight. 


0.0 


8.95 


1.75 


7.20 


.0002 


.0174 1' 2.99    .0020 
.0168,  I 


.0001 


Odor,  vegetable. The  sample  was  collected  from  the  poDd. 

Microscopical  Examination, 

Augast,  1888.    1.  Bine-green  algae,  1.0;  2.  Oiher  algoe,  3.6;  3.  Firagi,  0.0;  4.  Animal  form»,  0.1. 
Oronps  and  principal  genera  of  organisms  observed :    1.  Cyanophyceae,  Anabatta.    2.  Falmellaceee, 
OMarocQccu8\  Zoospores;  Diaton:kace»»  ^tephanoditcua,  Tabellaria;  DesmidiacesB.    4.  Protozoa. 

Chemical  Examinaiion  of  Water  from  Oredt  Pond  in  Eastham. 

[Parts  per  100,000.] 


Date  or 

Appkabahob. 

RSBIDnB  ON 
EVAPOBATlUZr. 

Ammukia. 

1 

KlTBUQBH 
AS 

K 

1 

f 

1 

1 

H 

§1 

1 

1 

A 

1 

1 

2983 

18 

Aug.  18 

88. 

Aag.ao 

Veryaligbt. 

Yery  Blight. 

0.0 

e.8o 

M5 

... 

'.0004 

1 

1 

.0172 
.0168 

1.96 

.0000 

; 

.0001 

Odor,  yegetable. The  sample  was  collected  f^x>m  the  pond. 

Microscopical  Exetmination. 

Angnst,  I88S.    1.  Bine-green  algte,  0.0;  2.  Other  algsp,  0.1;  3.  Fungi,  0.0;  4.  Animal  forms,  0.2. 
Oroupe  and  principal  genera  of  organisms obserred:  2.  ralmellacess.    4.  Protozoa;  Rotifera;  Ento- 
mostraca. 

Water  Supply  of  Easthampton. 
Description  of  Works.  — Population  in  1885,  4,291.  The  works 
are  owned  by  the  town.  Water  was  introduced  in  1870.  The  source 
of  supply  is  a  storage  reservoir  built  in  1847  on  a  small  stream  which 
flows  into  Williston  Pond.  The  area  of  this  reservoir  is  about  2 
acres ;  average  depth,  8  feet ;  maximum  depth,  15  feet.  The  drain- 
age area  contains  very  little  population,  and  is  generally  cultivated 
land  and  pasture  with  a  small  amount  of  woodland.  Water  is 
pumped  directly  into  the  mains.  Distributing  mains  are  of  cast 
iron,  service  pipes  are  of  wrought  iron. 
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C^temieal  Examination  of  Water  from  the  Storage  Reservoir  of  the  Easthampton 

Water  Works. 

CPuta  pw  100,000.] 


Date  o»         • 

Appkaraiob. 

1       RasinuE  ox 

!       EVAPOKATIOR. 

AMMONIA. 

1 

NITEOOBM 
AS 

1 

1 

Exam- 
ination. 

Turbidity. 

j 

1 

H 

§1 

1 

1 

|5 

Si 

S 

1           lJs7. 

189   Jane  22  Jane  24 

1 

Slight.           Slight. 

0.20 

I 

1 

4.87 

0.87 

4.00 

.0014 

.0136 

.19 

.0000 

_ 

633    Aug.  26  Aug.  27 

Distinct. 

Slight. 

0.90 

5.65 

1.95 

3:60 

.0083 

.0832 

.12 

.0030 

- 

820   Sept.  19 1  Sept.  21    Distinct. 

SUght. 

0.2,5 

4.65 

0.80 

3.85 

.0023 

.0166 

.22 

.0030 

- 

1252  ^  Nov.  21   Nov.  23  ,  Very  alight. 

None. 

0.40 

5.45 

1.45 

4.00 

.0018 

.0224 

.35 

.0150 

- 

1463 

Dec.  20   Dec.  22    Slight. 

Very  alight. 

0.20 

,    4.70 

1.00 

8.70 

.0034 

.0171 

.27 

.0100 

- 

1684 

18  »8. 
Jan.  24   Jan.  26    Slight. 

Slight. 

0.05 

4.60 

0.65 

8.85 

.0064 

.0054 

.19 

.0200 

.0010 

1875 

Feb.  20  Feb.  21    None. 

None. 

0.15 

4.85 

0.70 

8.65 

.0006 

.0078 

.29 

.0300|.0000 

9056 

Mar.  19   Mar.  20  ,  Very  slight. 

None. 

0.15 

4.05 

0.66 

8.40 

.0042 

.0108 

.24 

.0200 

.0006 

2242 

Apr.  17   Apr.  18  |  None. 

Very  slight. 

0.15 

2.90 

0.70 

2.20 

.0000 

.0133 

.16 

.0200 

.0002 

2488 

May  21   May  22  ,  Very  slight. 

None. 

0.30 

4.25 

1.45 

2.80 

.0000 

.0162 

.13 

.0200 

.0000 

2668 

June  26  June  27    Decided. 

1                1 

Conald'ble. 

0.90 

5.15 

1.80 

8.35 

.0144 

.0428 
.0304 

.19 

^0160 

.0008 

2835 

July  24   July  25    Distinct. 

i 

Slight, 
green. 

0.25 

3.80 

0.48 

3.32 

.0012 

.0242 
.0200 

.34 

.0020 

.0002 

8028 

Aug.  23  Ang.24  1  Very  slight. 

i       ■ 

Slight. 

0.40 

4.70   1.20 

3.50 

.0000  -.0180 1 
1           \'''^\ 

.22 

1 

.0050 

.0001 

3223 

Sept.  10  Sept.  20  '  Very  slight. 

SUght. 

0.30 

4.50 

1.55 

2.85 

.0012  .02461 
i.0204; 

.81 

.0050 

.0001 

3391 

Oct.  17  Oct.  19    Very  slight. 

Very  slight. 

0.20 

4.25 

1.15 

8.10 

.0000 

1 

.0172 
.0152 

.18 

.0100 

.0008 

3587 

Nov.  21   Nov.  22    Distinct. 

Heavy,  red- 
brown. 

0.30 

1 

8.75 

1.10 

2.65 

.0008 

.0190 

.0126 

.19 

.0160 

.0004 

3734    Dec.  17   Dec.  19    Slight. 

38S5   Jan.  21   Jan.  22'  Very  slight, 
1                                     milky. 

Slight. 

None. 

• 

0.10 
0.15 

4.10 
3.45 

0.80 
0.70 

3.30 
2.75 

.0020 
.0014 

.0082 ' 

.0058 

.0136 1 
.0132 

.22 

.20 

.0360 
.0800 

.0003 
.0004 

4126    Feb.  25 

Feb.  27    Very  slight. 

Very  slight. 

0.10 

3.65 

0.80 

2.85 

.0010 

.0108 ' 
.00861 

.21 

.0200 

.0000 

4367    Mar.  21 

Mar.  22    Slight, 
,|     milky. 

Very  slight. 

0.15 

8.35 

0.45 

2.80 

.0000 

.0114 
.0088 

.18 

.0050 

.0003 

45i0   Apr.  18 

Apr.  19    Very  slight. 

Very  slight. 

0.10 

4.00 

0.70 

3.30 

.0006 

.0140 
.0126 

.22 

.0090 

.0002 

4672   May  15 

1 

May  16    Slight. 

1 

Very  slight. 

0.20 

4.05 

0.85 

3.20 

.0088 

.0158 
.0138 

.0170 

.21 
22 

.0150 

.0005 

At. 

' 

0.27 

4.53 

1.02 

8.61 

.0021 

0140 1  nrtfu 
.0140 

i 

i 

Hardneaa  In  May,  1888, 1.7.  Odor,  occasionally  none,  often  vegetable  and  mouldy.'— The  samples 
were  collected  from  a  faucet  In  the  village,  with  the  exception  of  Nos.  638, 820, 2668  and  2835,  which  were 
coIIe<?ted  from  the  pond  near  the  outlet.  A  very  heavy  shower  occurred  Just  before  the  collection  of 
No.  2668. 
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Mieroacopieal  Examinaiion. 


18S8. 

1880. 

' 

June. 

July. 

Aug.  Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-green  Alg»,    . 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Alg»,     .... 

0.4 

4.5 

0.0 

pr. 

pr. 

1.2 

pr. 

pr. 

0.0 

pr. 

0.1 

0.1 

3.  Fungi 

10.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms, 

pr. 

15.4 

0.0 

pr. 

0.0 

0.2 

pr. 

0.0 

0.0 

0.0 

0.0 

pr. 

Groups  and  principal  genera  of  organisms  observed :  1 .  Cyanophycen.  2.  Palmellaceaa ;  Zoospores ; 
Desmidiacen,  Staurastrum;  DlatomoceoB.  3.  Schizomycetes,  Crenothrix,  4.  Protozoa,  TracAelomonas; 
Rotifera;  Entomostraca. 


Water  Supply  of  North  Easton  Village  District,  Easton. 
Description  of  Works.  —  Population  in  1885,  3,948.  The  works 
are  owned  by  the  North  Easton  Village  District.  Water  was  intro- 
duced in  1887.  The  source  of  supply  is  a  well  near  the  Queset 
River  west  of  the  village.  The  well  is  27  feet  in  diameter  and  28 
feet  deep.  Pumps  force  the  water  to  a  covered  iron  tank  20  feet  in 
diameter  and  103  feet  high.  Water  is  delivered  near  the  top  of  the 
tank  and  drawn  out  at  the  bottom.  Distributing  mains  are  of  cast 
iron  and  service  pipes  of  enameled  iron. 

Chemical  Examinaiion  of  Water  from  the  Well   of  th^  North  Easton  Village 

District. 

[Parts  per  100,000.] 


1 
Datk  or 

APPKA  RANGE. 

Rkmduk  ok 

EVAPOHATIOJJ. 

Amhonia. 

1 

! 

2 

NITROGBH 
AS 

?. 

} 

• 

r 

1 

i 

a 

1 

1 

1 

1 

ia 

1 

2 

9. 

i 

\        1^ 

1918  !  Feb.  29 

1 

88. 
Mar.   1    Very  alight. 

None. 

0.0 

4.45 

_ 

_ 

.0006 

.0021 

1 

.40 

.0350 

.0001 

2118    Mar.  28 

Mar.  29    Diatinct. 

Very  Blight. 

0.0 

4.00 

- 

- 

.0024 

.0029 

.37    .0230  1.0001 

2292    Apr.  23 

Apr.  24    None. 

Very  slight. 

0.0 

3.45 

- 

- 

.0004 

.00161 

40    .0200  .0001 

■1           i 

2605  1  May  23 

May  24    Very  slight. 

None. 

0.0 

4.05 

- 

- 

.0000 

.0010 

.38    .0350 

.0000 

2751  1  July  10 

July  11    None. 

Very  Blight. 

0.0 

6.35 

- 

- 

.0000 

.0028 

.54  j.lOOO 

.0001 

2795  !  July  18 

July  19    None. 

Very  Blight. 

0.0 

6.16 

- 

- 

.0002  .0008 

.64 

.0000 

.0000 

3001    Aug.  20 

Aug.  21 

None. 

1 

None. 

0.0 

6.25 

- 

- 

.0000 

.0024: 

.49 

.0700 

.0002 

8220 

Sept.  17 

Sept.  19 

None. 

None. 

0.0 

5.15 

- 

- 

.0000 

.0022' 

.52 

.1200 

.0000 

8379 

Oct.  16 

Oct.  17 

None. 

None. 

0.0 

4.70 

- 

- 

.0000 

.0006 

.43 

.0800 

.0000 

8574 

Nov.  19 

Nov.  20 

None. 

None. 

0.0 

4.60 

- 

- 

.0000 

.0006 

.41 

.0860 

.0001 

3703 

Dec.  12 

Dec.  13 

None. 

None. 

0.0 

4.40 

- 

- 

.0000 

.0014 

85 

.0600 

.0000 
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ChemiccU  Examination  of  Water  from  the  Well  of  the  North  Boston  Village 

District —  Concluded. 


Date  of 

1                Appkarahck. 

Rbsidlk  ok 
kvapo  ration. 

•            -       - 
Ammonia. 

1 

Nitrogen 

AS 

1 

1 

5a; 

yj 

1 

1 

1 

1 

§1 

1 

1 

« 

S 

8802 

IS 

Jan.  16 

89. 

Jan.  17 

None. 

None. 

0.0 

3.70 

_ 

_ 

.0000 

.0020 

.33 

.0850 

.0000 

4013 

Feb.  19 

Feb.  20 

Nono. 

None. 

0.0 

3.60 

- 

- 

.0000 

.0012 

.36 

.0800 

.0000 

4341 

Mar.  19 

Mar.  20 

None. 

None. 

0.0 

3.75 

- 

- 

.0000 

.0012 

.39 

.0380 

.0000 

4320 

Apr.  16 

Apr.  17 

None. 

None. 

0.0 

3.46 

- 

- 

.0000 

.0022 

.38 

.0350 

.0000 

4eu 

May  14 

May  15 

None. 

Nonb. 

0.0 
0.0 

3.60 

- 

- 

.0000 
.0002 

.0006 

.30 

.0450 

i 

.0000 

Av. 

4.28 

- 

.0016 

.42 

.0563 

' 

Hnrdness  in  May,  1888, 1.7.    Odor,  none. The  samples  were  collected  from  the  well  or  from  a 

faucet  in  the  pumping  station  while  pnmping.    There  were  heavy  rains  just  previous  to  the  collection 
of  No.  2110. 

Microscopical  Examination, 


IHHH. 

1880. 

July. 

July. 

Aug, 

Sept. 

Oct. 

Nov. 

1 
Decj 

1 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-green  Algae,    .... 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

1 
0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algse 

1.1 

0.2 

0.0 

pr. 

0.0 

0.0 

pr. 

0.0 

pr. 

0.0 

0.0 

pr. 

3.  Fungi, 

0.0 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,       .... 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Oronps  And  principal  genera  of  organisms  observed:     1.  CyanophycesB.      2.  PalmellacesB;  Dia- 
tomaceaB.    8.  Bchizomycctes.  \ 


Water  Supply  of  Everett. 

Description *of  Works. — Population  in  1885,  5,825.  The  works 
within  the  town  are  owned  by  the  town,  but  water  is  supplied  by  the 
city  of  Boston  from  the  Mystic  Works.  Water  was  introduced  in 
1867.  In  1888  a  high-service  system  was  introduced.  Water  for 
this  system  is  pumped  from  the  low-service  mains  to  an  open  iron 
tank  22  feet  in  diameter  and  36  feet  in  height.  Distributing  mains 
are  of  wrought  iron  lined  with  cement,  and  of  cast  iron.  Service 
pipes  are  of  lead.  For  a  description  of  the  source  of  supply  and 
analyses  of  the  water,  see  Boston  ^  Mystic  Works. 
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Water  Supply  of  Fall  River. 

Description  of  ^Yorks.  — Population  in  1885,  56,870.  The  works 
are  owned  by  the  city.  Water  was  introduced  in  1874.  The  aver- 
age'daily  xsonsumption  in  1888  was  1,768,000  gallons.  The  source 
of  supply  is  Watuppa  Lake,  which  lies  to  the  eastward  of  the  main 
portion  of  Fall  River,  about  2^  miles  from  the  shore  of  Mount  Hope 
Bay.  Its  greatest  length  is  about  7.7  miles,  in  a  noitherly  and 
southerly  direction,  while  its  average  width  is  less  than  three-fouiths 
of  a  mile  and  its  greatest  width  1^  miles.  At  a  point  about  half 
way  between  the  northerly  and  southerly  ends  of  the  lake  the  shores 
approach  each  other,  and  a  road  and  railroad  cross  it,  thus  dividing 
the  lake  into  two  sections.  The  Quequechan  River,  which  is  the  out- 
let of  the  lake,  flows  from  the  northerly  end  of  the  southern  section. 

The  northern  section  of  the  lake,  from  which  the  Fall  River 
water  supply  is  taken,  is  known  as  North  Watuppa  Lake,  and 
has  an  area  of  1,651  acres.  The  southerly  section  has  an  area  of 
1,827  acres.  The  total  area  of  the  lake  is  3,478  acres,  or  5.43  square 
miles.  Its  maximum  depth  is  30  feet.  A  survey  of  the  entire  lake 
in  1876  indicated  that  when  the  water  is  five  feet  below  high-water 
mark,  about  441  acres  of  the  bottom  of  the  pond  are  exposed  which 
are  covered  at  high-water  mark.  A  previous  survey  in  1873  indi- 
cated that  when  the  water  was  4.5  feet  below  high-water  mark,  about 
370  acres  of  the  bottom  were  exposed.  The  shores  of  the  south  lake 
are  generally  quite  bold,  and  there  are  only  about  100  acres  of  shallow 
flowage.  The  shores  of  the  north  lake  are  not  so  bold,  and  there  are 
several  swamps  which  at  high  water  are  covered  by  only  two  or  three 
feet  of  water.     The  total  area  of  the  swamps  is  about  1 10  acres. 

The  drainage  area  of  about  31.25  square  miles  is  generally  hilly 
and  contains  no  marshy  lands  or  swamps.  The  soil  is  gravel, 
sand  and  rock.  The  population  on  the  drainage  area  is  very  small, 
but  there  is  danger  that  it  may  increase  on  the  side  of  the  lake  next 
to  the  city. 

Previous  to  1885  the  high  and  low  service  systems  were  distinct, 
and  water  for  the  supply  of  each  was  pumped  from  the  lake  to  stand- 
pipes  on  a  hill  near  the  pumping  station.  These  standpii^s  are  of 
iron,  and  are  3.5  feet  in  diameter.  The  high-service  pipe  was  80 
feet  in  height,  and  its  high-water  level  was  325  feet  above  tide  water. 
In  1885  an  open  iron  storage  tank  was  built  in  the  extreme  southern 
part  of  the  city  and  the  high  and  low  service  systems  were  connected, 
the  height  of  the  low-service  standpipe  being  increased,  thus  making  a 
single  system.  The  storage  tank  is  37  feet  high  and  73  feet  in  diame- 
ter.    Distributing  mains  are  of  cast  iron ;  service  pipes  are  of  lead. 
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Chemical  Examination  of  Water  from  North  Watuppa  Lake, 

[Puts  per  100,0000 


lUTE  or 


5^ 


101  June  21 

883  July  22 

607  Aug.  23 

811  Sept.  19 

1020  Oct.  24 

I 

1253  Nov.  22 

1481  Dee.  23 

in 

1672  Jan.  23 

1803  Feb.  20 

2073  Mar.  21 

2298  Apr.  24 

2487  May  22 

^74  Jane  26 

2853  Jaly  28 

3027  Aug.  23 

3290  Sept.  29 

3440 

3«30 


18  87. 

June  22 


July  22 
Aug.  24 


Aprkarakcs. 


t 


None. 
Very  Blight. 
Very  slight 


Sept.  20  s  Very  slight. 

Oct.  25    Slight. 

,1 
Xov.  23    Very  Blight, 


Dec. 

1 
24 

88. 
Jan. 

U 

Feb. 

20 

Mar. 

22 

Apr. 

25 

3777 
3928 
4181 
4438 
4590 
4732 

At. 


May  22 

June  27 

July  27 
Aug.  24 
Oct.     1 


Oct.  25   Oct.  26 

I 

Nov.  28   Nov.  30 


Dec.  20 

18 

Jan.  io 

Feb.  28 
Mar.  80 
Apr.  29 
May  23 


Dec.  21 


18  80. 

Jan.  25 


Mar.  1 
Mar.  30 
Apr.  80 
May  24 


Blight, 
milky. 

Very  Blight. 

Slight. 

Slight. 

Slight. 

Very  slight. 

Very  slight. 

None. 

Very  slight 

Slight. 

None. 

Slight. 

Very  slight. 

Very  slight. 

Very  slight. 

Very  slight. 

None. 


Very  slight, 
milky. 


None. 

None. 

None. 

Very  slight. 

Ver\- slight, 
white. 

Very  slight, 
white. 

Very  Blight 

Very  slight. 
None. 
Very  slight. 
Very  slight. 
Sli't,  white. 
Very  slight. 

None. 

Very  slight. 

Slight. 

Very  slight. 

Slight. 


0.3O 
0.25 
0.20 
0.00 
0.10 


Rkbidub  on 
evafokatiok. 


3.37 
3.20 
3.30 
3.25 
3.25 


,1 


0.15 

0.10 
0.10 
0.10 
0.25 
0.10 
0.30 

0.30 

0.10 

0.10 

0.20 

0.10 


Very  slight.  0.30 


Very  slight 
Very  Bllg*ht, 
None. 
None. 
Very  Blight. 


0.20 
0.80 
0.35 
0.80 
0.20 


0.19 


3.15 

8.50 
3.25 
3.55 
2.80 
3.20 

3.25 

2.85 

2.85 

2.85 

S.20 

3.40 

8.35 

8.20 

3.50 

3.25 

3.20 

3.35 


IJ2o 
0.77 
0.82 
0.90 
0.85. 

1.25 

1.00 

1.00 
1.05 
0.90 
1.00 
1.00 

1.15 


£8 


2.43    .0004 


2.48 


.0154 


.48    .0000      -. 

I 
.51    .0050 1    - 


.0000  .0130       .48    .0070      - 


2.85    .0004  .0185       .54    .0030 


i 


2.40 

2.05 

2.15 

2.50 
2.20 
2.65 
1.80 
2.20 

2.10 


0.55     2.30 


0.80 
0.90 
0.90 
1.00 
0.85 
1.40 
1.50 
0.85 
1.15 
1.10 


0.98 


.00001.0142      .55    .0020 


.0004 

.0000 

.0000 
.0020 
.0016 
.0011 
.0000 
.0002 

.0000 


.0168  '  .63.  .0070 


.0080  .0001 

.0080  .0000 

I 
.0030  .0000 


2.15 

1.96 
2.80 
2.40 
2.40 
1.80 
2.00 
2.40 
2.05 
2.25 


.0188 

.0144 

.0184 

.0154 

.0163 

.0146 

.0194 
.0158 


.0168   .57  .0030  .0000 
.0168  I 


.52  1.0060  .0002 
.49  .0030  .0001 


.52  .0070  .0000 


.46  .0050  .0000 


.0002  .0178 
.0184 


,0000  .0152   .49  .0050  .0001 
..0152 


2.28 


.0000 
.0000 
.0000 
.0002 
.0004 
.0014 
.0010 
.0000 

.0005 


,0150   .55  .0050  .0002 

.0050>.C001 

I 
.0100  .C002 

.0120  .0002 

.0070  .0002 


1 

.0184 
.0172 

.62 

.0184 
.0148 

.53 

.0176 
.0144 

.49 

.0180 
.0152 

.54 

.0166 
.0148 

.50 

.0158 
.0142 

.49 

.0140 
.0116 

.49 

.0162 

.52 

.0090 
.0070 
.0030 


.0055 


.0004 
.0003 
.0002 


.0001 


Hardness  In  May,  1888,  0.6.    Odor,  faintly  vegetable,  often  none. The  samples  were  collected 

from  a  faucet  In  the  pumping  station.    Heavy  rains  occurred  just  previous  to  the  collection  of  Nos.  385 
and  e07.    The  level  of  the  water  In  the  lake  fluctnated  but  2.1  feet  from  January,  1888,  to  May,  1889. 
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[Dec. 


Microscopical  Examinaiion. 


1A88. 

1SS9. 

Jane. 

July. 

1 
Ang.jSept. 

Oct. 

Nov. 

V 

Dec. 

Jan. 

Feb.  Mar. [Apr.  May. 

1.  Blue-grecD  Aigie,  .... 

0.0 

pr. 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  AIg»,    .'.... 

pr. 

0.0 

0.1 

0.0 

0.0 

0.3 

0.8 

0.4 

0.6 

1.7 

0.1 

pr. 

3.  Fungi, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,      .... 

pr. 

pr. 

0.0 

0.0 

pr. 

0.0 

0.0 

;o.o 

2.5 

3.0 

0.0 

0.0 

Groups  and  principal  genera  of  organisms  observed:  1.  CyanophyoesB.  2.  ZooBporee;  Dcsinld- 
laceas;  Dlatomaccu,  TabelUiria;  Zygnemacen.  4.  Protozoa,  JHnobryon;  Sponglaria;  Roilfera; 
Entomostraca. 


Chemical  Examination  of  Water  ^ 

from 

a  faucet 

in  Fall  River 

[Parts  per  100.000.] 

]>ATB  or 

APPEXaAXCK. 

RaaxDUB  ON 

£VAP0aATlO.V. 

Ammonia. 

j 

KiTBuGSsr 

AS 

1 

9 

'A 

I 

la 

Turbidity. 

1 

1 

1 

4 

i 

i 

•6 

A 

i 

s 

1 

162 

June  21   June  2-2 

1 

i 
Slight. 

Slight. 

0.3 

3.47 

1.45 

2.02 

1 

1' 
.0(^0  .0139,     .63 

1           1 

.0000 

- 

Odor,  very  faint  or  none. The  sample  was  collected  from  a  faucet  in  the  water  works  repair  shop 

in  the  city. 

Water  Supply  of  Fitchburg. 

Description  of  Works.  —  Population  in  1885, 15,375.  The  works 
are  owned  by  the  city.  Water  was  introduced  in  1872.  The  aver- 
age daily  consumption  in  1888  was  1,300,000  gallons.  The  sources 
of  supply  are  Scott  and  Falulah  brooks,  on  each  of  which  a  storage 
reservoir  is  built.  Scott  Eeservoir  was  built  in  1878  and  is  at  an 
elevation  of  450  feet  above  the  city  base  (the  railroad  track  near  the 
Fitchburg  station).  Its  area  is  35.07  acres;  depth  near  the  gate- 
house, 40  feet;  bottom,  sandy;  capacity,  210,000,000  gallons. 
There  is  very  little  shallow  flowage.  Its  drainage  area  of  600  acres 
is  very  steep  and  rocky,  with  little  woodland  or  cultivated  land. 
Much  of  the  area  is  used  for  pasturage,  and  it  contains  very  few 
inhnbitants.  From  Scott  Reservoir  a  24-inch  brick  conduit  conveys 
the  Avaler  to  Overlook  Distributing  Reservoir,  one  and  one-half  miles 
nearer  the  city.  Overlook  Reservoir  was  formed  by  building  dams  at 
each  end  of  a  ravine.  It  was  built  in  1871,  and  its  elevation  is  400 
feet  above  the  city  base.  Its  area  is  13  acres  ;  depth,  40  feet ;  bottom, 
gravel ;  capacity,  60,000,000  gallons.  There  is  no  shallow  flowage. 
Its  immediate  drainage  area  is  very  small,  being  estimated  at  10  acres. 
Water  is  supplied  directly  from  this  reservoir  to  the  high-service  dis- 
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tricts.  About  1,000  feet  nearer  the  city  is  a  second  distributing  res- 
ervoir, known  as  the  Marshall  Reservoir,  which  is  at  an  elevation 
of  212  feet  above  the  city  base.  Its  area  is  about  half  an  acre, 
and  its  capacity  is  1,000,000  gallons.  The  bottom  and  slopes  are 
paved.  Water  is  supplied  from  this  reservoir  to  the  low-service  dis- 
trict. In  1873  an  additional  supply  of  Avater  became  necessary,  and 
a  14-inch  cement-lined  wrought-iron  pipe  was  laid  from  a  point  jnst 
above  Shattuck's  Mill  Pond  on  Falulah  Brook  to  the  conduit  between 
Scott  and  Overlook  reser\^oirs,  and  at  the  present  time  water  can 
be  drawn  into  Overlook  from  either  Scott  Reservoir  or  Shattuck 
Brook,  or  from  both.  In  1881  a  small  reservoir  was  built  just 
below  the  dam  of  the  Scott  Reservoir,  to  catch  the  leakage  from  the 
latter  and  divert  it  into  the  conduit  leading  to  Overlook  Reservoir. 

Another  reservoir  was  built  in  1883  at  the  junction  of  Scott  and 
Falulah  brooks.  This  reservoir,  known  as  Falulah  Reservoir,  receives 
the  water  from  Scott  Brook,  including  that  from  the  overflow  and 
waste  gates  of  Scott  Reservoir,  and  also  the  water  of  Falulah  Brook, 
including  the  overflow  and  waste  from  Shattuck's  Mill  Pond.  Falulah 
Reservoir  is  at  an  elevation  of  235  feet  above  the  city  base.  Its  area 
is  3.75  acres  ;  depth  at  dam,  20  feet ;  average  depth,  10  feet ;  bottom, 
gravel ;  capacity,  20,000,000  gallons.  There  is  very  little  shallow 
flowage.  Its  drainage  area  of  2,227  acres,  exclusive  of  that  of  Scott 
Reservoir,  is  similar  in  all  respects  to  the  drainage  area  of  that 
reservoir.  Since  the  storage  capacity  of  Falulah  Reservoir  is  small 
in  comparison  with  the  extent  of  its  drainage  area,  the  water  in  it 
must  change  entirely  at  short  intervals  in  a  year  of  average  rainfall ; 
this  is  in  great  contrast  to  Scott  Reservoir,  which  has  a  drainage  area 
of  but  a  little  more  than  one-fourth  that  of  Falulah,  while  its  storage 
capacity  is  more  than  ten  times  as  great.  A  16-inch  pipe  from 
Falulah  Reservoir  is  laid  to  the  city  and  connected  with  the  low- 
service  system,  so  that  Marshall  Reservoir,  being  at  a  slightly  less 
elevation  than  Falulah,  is  now  supplied  from  the  latter  during  the 
greater  part  of  the  year.  When  necessary,  however,  water  can  be 
diverted  into  Marshall  from  Overlook  Reservoir.  Distributing  mains 
are  of  cast  iron  and  of  wrought  iron  lined  with  cement,  there  being 
about  the  same  number  of  miles  of  each,  but  the  cement-lined  mains 
are  being  replaced  with  cast  iron.  Service  pipes  are  of  wrought  iron 
lined  with  cement.  The  report  of  the  Water  Commissioners  for  1878 
mentions  that  numerous  complaints  of  a  fishy  odor  and  taste  in  the 
water  were  made  in  August  of  that  year.  A  similar  trouble  has 
occurred  several  times  since  that  year,  but  has  lasted  only  a  few 
days  at  a  time. 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Chemical  Examination  of  Water  from  Scott  Reservoir^  Fitchburg, 

[Parts  per  100,000.] 


212 
420 
030 
836 
1064 

1274 

1499 

1713 
1906 
2106 
2320 
2534 
26)8 

2787 

8016 

3271 

&M3 

8611 


6 


Appbaraxcb. 


June  28 
July  27 
Aug.  29 
Sept.  21 
Oct.  28 

Nov.  29 

Dec.  28 

Jan.  31 
Fob.  27 
Mar.  26 
Apr.  26 
May  28 
June  21 

July  17 

Aug.  22 

Sept.  20 

Oct.  24 

Nov.  26 


1H87.  l' 

June  29    Slight. 


3741    Dec.  17 


I  18 

3941    Jan.  28 


4176  I  Fob.  27 
4422    Mar.  26 


July  23  I  Slight. 
Aug.  80    Slight. 


Sept.  22 
Oct.  27 


Very  alight 
.  Slight. 


Nov.  30    Decided. 


Dee.  29 

Feb.  1 
Feb.  29 
Mar.  27 
Apr.  27 
May  29 
June  23 

July  18 

Aug.  23 

Sept.  27 

Oct.  20 

Nov.  27 


Very  slight. 

Very  alight. 

Distinct. 

Distinct. 

Distinct. 

Decided. 

Distinct.  , 

Decided. 

Distinct. 

Distinct. 

Distinct. 

Slight. 


Doc.  19    Slight. 


4578 

4708 

Av.  i  . 


Apr.  25 
May  21 


flO. 

Jan. 

29 

Mar. 

1 

Mar. 

2S 

Apr. 

26 

May 

22 

Slight*. 
Slight. 
Very  slight. 
Distinct. 
Distinct. 


Slight. 

Slight. 

None. 

Slight. 

Consld'ble, 
b.rown. 

Much, 
white. 

Considera- 
ble. 

Slight. 

Slight. 

None. 

Very  slight. 

Slight. 

Consid'ble, 
green. 

Consid'ble, 
green. 

Con.,  light 
yollow. 

Consid'ble, 
green. 

Consid'ble, 
white. 

Consid'ble, 
green. 

Very  slight. 
None. 


Slight. 


0.30 
0.40 
0.35 
0.28 
0.20 

0.25 

0.30 

0.10 
0.20 
0.15 
0.10 
0.15 
0.10 

0.10 

0.10 

0.10 

0.10 

0.05 

0.05 

0.05 

I 
0.10, 


Kksidub  oh 

EVAl'GRATIOlf. 


2.75 
2.55 
2.52 
2.50 
2.85 

2.45 

2.80 

2.85 
2.75 
2.30 
1.70 
2.20 

1.95 

2.25 

2.30 

2.30 

2.20 

2.25 


1.07 
ft.97 
1.10 
1.00 
0.80 

1.00 

1.15 

I.IO 
1.05 
0.75 
0.45 
0.60 

0.60 

0.90 

0.85 

0.95 

0.85 

0.85 


Very  slight.  0.15 


Consid'ble,   0.06 
white. 


Con.,  green 
and  floc'nt. 


I 
2.70  0.75 

I 
1.90  0.50 

2.45  0.55 

2.05  0.60 

2.25  0.70 

1.95  0.75 


0.16      2.62   0.92 


AXMOXIA. 


1.68    .0004 

1.68  ,'.0006 

1.42    .0002 

1.60 '.0003 

I       * 
2.06    .0008 


1.45 

1.65 

1.75 
1.70 
1.63 
1.26 
1.60 

'"l 

1.85 
1.45 
1.35 
1.35 
1.80 
1.95 
1.40 
1.90 
1.46 
1.55 
1.20 
1.60 


.0003 

.0026 

.0014 
.0008 
.0000 
.0000 
.0000 


.0192 
.0195 
.0190 
.0185 
.0322 


.0272 

.0262 

0245 
.0367 
0212 
0092 
0176 


NiTKOGEH 


8 

I 

I    % 


.15  1.0020 
.14  .0040 
.15  .0030 
.13 i. 0000 

L 

.15  !.0000 


.0004, .0202 
.0152 

.0000  .0262  I 
.0178 

.0386 
.0208,1 

!i 
.0272 
0208 


i  .0008 


.0000 


.18 


.13 
.12 
.19 
.10 
.12 
.14 

.13 

ill 


s 

5 


.0020 

.0040 

.OOPO 
.0030 
.0060 
.0100 
.0010 
.0020 

.0020 

.0020 


.0020 

.0244 
.0178 

.15 

.0000 

.0268 
.0156 

.15 

.0000 

.0168 
.0124 

.14 

.0000 

.0208 
.0110 

.12 

.0004 

.0086 
.0072 

.14 

.0012 

.0162 
.0130 

.14 

.0008 

.0260 
.0182 

.12 

.0012 

.0222 
.0154 

.16 
.14 

.0006 

.0226 

.11 '1.0020 
.0060 
.0040 
.0030 


0000 
0000 

oooo 

0001 
0001 
0001 

0001 

0000 

0001 
.0002 
.0002 
.0001 


.0030  .0002 
.0060 -.0002 


.0030 
.0040 
.0020 


.0001 
.0002 

.0000 


.0034  .0001 


Hardness  In  May,  1888,  0.6.    Odor,  generally  very  faint  or  none,  sometimes  very  faintly  vegeUble, 

rarely  dlsnt^ret-nblo. The  snroplea  were  collected  from  the  reservoir  at  the  gate-house  at  a  depth  of 

about  ono  foot  boncalh  the  surface,  with  the  exception  of  No.  4176,  which  wos  collected  from  the  north 
end  of  the  reservoir  and  distant  from  the  dam.  For  a  record  of  heights  of  water  in  this  resenolr  at 
the  times  when  the  samplta  of  water  were  collected,  see  page  128. 
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Microseopieai  Examination. 


1888. 

188» 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov.j  Dec. 

Jan. 

Feb.   Mar. 

Apr.  May. 

1.  Blae-greeo  Algte,  .... 

0.0 

0.6 

1.3 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0     0.0 

2.  OlherAlgw 

16.1 

4.8 

6.4 

11.7 

6.7 

0.0 

2.5 

pr. 

4.2 

0.1 

pr. 

1.5 

S.  Fangt 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

4.  Animal  Forms,       .... 

pr. 

0.6 

l.S 

pr. 

pr. 

0.0 

0.0 

3.3 

0.4 

pr. 

0.0 

0.1 

Groups  aDd  principal  genera  of  organisms  observed  :  1.  Cyanophyceas.  2.  Palmellaceo,  Chloro- 
eocctu ;  Zoosporen;  DesraidlacesB,  Staurastrum ;  Diatomaceas,  Anteriorullat  Synedrot  Tabellaria; 
Zygnemaceae;  Volvocineas.    3.  Schizomycetos.    4.   VTOiozfMt  Peridinium;  Rotifera;  Entomostraca. 


Chemical  Examination  of  Water  from  Overlook  Beservoir,  Fitchburg, 

[Parts  per  100,000.] 


__^__ 

-^-——^—. 

1 

1 

Date  of 

Appkabakcb. 

Residdb  ok 

EVAPOKATIpN. 

Ammovia. 

S 

NiTROOBSr 
A8 

1 

3- 

f 

1 

I 

I 

1 

1 

< 

i 
1 

1 

1           18 

210  .  Jane  2b 

8T. 

June  29 

Blight. 

Very  slight. 

0.00 

2.27 

0.50 

1.77 

.0002 

9 
.0069 

.15 

.0000 

. 

421    July  27 

July  28 

Very  Blight. 

Slight. 

0.00 

2.12 

0.22 

1.90 

.0000 

.0069 

.17 

.0000 

- 

641    Aug.  29 

Aug.  30 

Slight. 

SUght. 

0.00 

2.42 

0.42 

2.00 

.0004 

.0099 

.13 

.0000 

- 

835 

Sept.  21 

Sept.  22 

Very  Blight. 

Slight. 

0.00 

2.65 

0.40 

2.25 

.0003 

.0106 

.14 

.0000 

- 

1053 

Oct.  26 

Oct.  27 

Slight. 

CouBld'ble. 

0.10 

2.76 

0.60 

2.15 

.0002 

.0124 

.14 

.0020 

- 

1273 

Xov.29 

Nov.  30 

Decided. 

Slight. 

0.10 

2.46 

0.56 

1.90 

.0000 

.0166 

.10 

.0010 

- 

1498 

Dec.  28 

Dec.  29 

Distinct. 

Slight. 

0.10 

2.86 

0.66 

2.30 

.0009 

.0226 

.16 

.0020 

- 

1712 

18 

Jan.  31 

88. 

Feb.    1 

DIsUnct. 

None. 

0.86 

3.25 

1.10 

2.15 

.0028 

.0264 

.10 

.0090 

.0000 

1905 

?eb.  27 

Feb.  29 

Slight. 

Very  Blight. 

0.00 

2.00 

0.46 

1.65 

.0122 

.0193 

.16 

.0060 

.0001 

2105 

l£ar.  26 

Mar.  27  | 

Slight. 

ConBid'ble, 
brown. 

0.10 

2.40 

0.45 

1.95 

.0036 

.0227 

.16 

.0050 

.0001 

2321 

Apr.  26 

Apr.  27 ! 

DlBtlnct. 

SUght. 

0.10 

1.80 

0.20 

1.60 

.0000 

.0084 

.12 

.0160 

.0003 

2533 

May  2S 

May  29! 

DUtinct. 

Very  slight. 

0.06 

1.90 

0.40 

1.60 

.0000 

.0070 

.09 

.0010 

.0001 

2657 

Jane  21 

'June  23 . 

Very  Blight. 

Verysllght, 
white. 

0.10 

2.10 

0.50 

1.60 

.0004 

.0146 
.0124 

.11 

.0020 

.0001 

2786 

July  17 

July  18 

BUght. 

Very  slight. 

0.10 

2.40 

0.70 

1.70 

.0000 

.0196 
.0158 

,10 

.0090 

.0000 

8015 

Aug.  22 

Ang.23 

Distinct. 

Slight, 
white. 

0.10 

8.50 

0.90 

2.60 

.0000 

.0180 
.0146 

.13 

.0000 

.0000 

8270 

S«pt.26 

Sept.  27 

Slight. 

Considera- 
ble. 

0.20 

2.50 

0.96 

1.65 

.0000 

.0174 
.0146 

.12 

.0020 

.0001 

8U4 

Oct.  24 

Oct.  26 

1 

Slight. 

Very  slight. 

0.20 

2.40 

0.90 

1.60 

.0008 

.0174 
.0160 

.13 

.0060  .0002 

8610 

Nov.  26 

Nov.  27 

Sli^t. 

a>nsid*ble, 
green. 

0.00 

2.25 

0.50 

1 
1.75 

.oooa 

.0172 
.0114 

.13 

.0070  .0002 

8740 

Dec.  17 

Dec.  19 

Verysllght. 

Con.,  dark 
brown. 

0.20 

».85 

0.70 

1.65 

1 

.0004 

.0150 
.0078 

.07 

.0080  .0001 

j 
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Chemical  Examination 

of  Water  from 

Overlook  Reservoir 

—  Concluded. 

Datk  or 

Appkaiuncb. 

Rkbiduk  osr 
Evaporation. 

AmfONIA. 

i 

NlTBOQ£X 
1           *^^ 

Si 

a 

jJ 

H 

g 

H 

4 
1-^ 

1 

1 

< 

2 

1 

18  89. 

3943 

JaD.  28 

Jan.  29 

Very  Blight. 

Slight. 

0.00 

2.00 

0.46 

1.55 

.0000 

.0092 
.0062 

.10 

.0040 

.0002 

4175 

Feb.  27 

Mar.    1 

Very  slight, 
milky. 

Slight. 

0.20 

2.50 

0.46 

2.05 

.0038 

.0122 
.0096 

.13 

.0070 

.0001 

4431 

Mar.  26  Mar.  28 

Very  Blight. 

Slight. 

- 

2.05 

0.55 

1.50 

.0006 

.0144 

.07 

.0060 

.0001 

4577 

Apr.  25   Apr.  26 

Blight. 

Slight, 
while. 

0.10 

1.95 

0.46 

1.50 

.0008 

.0222 
.0178 

.10 

.0040 

.0003 

4707 

May  21 '  Moy  22 

1 

Very  Blight. 

Very  Blight. 

0.20 
0.10 

2.20 
2.41 

0.65 
0.49 

1.55 
1.92 

.0010 

.0184 
.0180 

.14 
.13 

.0020 
.0041 

.0001 

Av 

. 



.0012 

.0151 

.0001 

1 

1 

l^ardneBB  Id  May,  1888,  0.6.    Odor,  generally  very  faint  or  none,  BometimeB  very  faintly  vegetable, 

rarely  disagreeable. The  sampleB  were  collected  from  the  reservoir  at  the  gate-house  at  the  south 

dam,  with  the  exception  of  No.  4421.  which  was  collected  at  the  north  dam.  Nob.  210,  421,  641,  835,  2321 
and  '2533  were  collected  from  about  nve  feet  beneath  the  surface,  the  remaining  samplcB  one  foot  beneath 
the  Burfaco.  A  flsli^  tost^  and  odor  were  complained  of  at  the  time  of  collecting  No.  2657.  For  a  record 
of  the  heights  of  water  in  this  reservoir  at  the  times  when  the  samples  of  water  were  collected,  see 
page  128. 

Microscopical  Examination, 


1888. 

188». 

1          I          1 
June.  July.  Aug.  Sept.  Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

«.,. 

1.  Blue-green  Alg»,  .... 

pr. 

pr. 

0.0 

pr. 

0.0 

0.0 

0.0 

'  0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  AlgBs 

1.3 

1.4 

3.1 

1.7 

6.2 

10.3 

2.7 

0.0 

0.2 

0.6 

0.6 

2.0 

3.  Fungi, 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,       .... 

2.0 

pr. 

0.2 

1.0 

0.0 

0.0 

pr. 

0.0 

pr. 

0.6 

0.0 

0.0 

1.  CyanophycesB.    2.  raIm.ellBce»;  Zoo- 
tellat  Jfelonira,    TcAe" 
3'  Scbizomycetes.    4.  Protozoa,  IHnobryon;  Rotifera;  Spongiarla;  Entomostraca. 


Groups  and  principal    genera  of  organisms  observed:  ,        ..  ^ 

sporesB,  Staurogenia;  J)eBmidiace8B;   DlatomacesD,   AHerionellat  Jfelonira,    Tdbellaria;  Volvoclneae. 


Chemical  Examination  of  Water  from  Falulah  Reservoir,  Fitchburg. 

[Parts  per  100,000.] 


Datb  ^f 

Appbasanck.                j 

Kksiduk  on 
Evaforatiok. 

Ammoxia. 

1 

NlTKOQKS 
AS 

1 

s 

j 

5 

|1 

1 

«j 

1 

H 

§1 

1-^ 

1 

< 

1 

1 

\           1887. 

211 1  June  28  ,  June  29 

Very  slight. 

Very  Blight.  0.70 

8.80 

1.85 

1.95 

.9002 

.0162 

.11 

.0060 

- 

419  July  27  July  28 

Very  sUght. 

Slight. 

0.90 ' 

8.40  0.87 

2.53 

.0005 

.0183 

.11 

.0040 

- 

MO   Aug.  29   Aug.  80 

Very  slight. 

None. 

0.40 ' 

2.67   0.85 

1.82 

.0002  .0110 

.11    .0030 

- 

D 

igitizec 

byVj 

lOC 

)gk 

> 
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Chemical  Examination  of  Water  from  Falulah  Reservoir — Concluded. 


Dxn  or         '•                Appbabakcb. 

Rksidub  on 

EVAPORATIUK. 

Ammoxia. 

j 

'  KlTROOEX 
AS 

1 

8 

3 

1 

ii 

•J 

1 

Ii 

1 

§1 

1 

1 

i- 

s 

1 

S 

834 

18*87. 

Sept.  21  j  Sept.  22 

Slight. 

Slight. 

0.20 

2.90 

0.70 

2% 

.0006 

.0134 

.13 

.0000 

« 

1052 

Oct.  26  Oct.  27 

Very  alight. 

Slight. 

0.30 

3.15 

0.85 

2.30 

.0002 

.0160 ' 

.24 

.0030 

- 

1272 

Not.  29  Nov.  30 

Distinct. 

Slight. 

0.30 

2.65 

0.90 

1.75 

.0006 

.0221 

.18 

.0080 

- 

1407    Dec.  28 '  Dec.  29 

Very  Blight. 

Very  slight. 

0.16 

2.60 

0.66 

1.96 

.0012 

.0171 

.12 

.0080 

- 

1711    Jan.  31    Feb.    1 

Very  alight. 

VerysUght. 

1 

1 

0.15 

2.66 

0.66 

2.00 

.0010 

.0166 

.10 

.0100 

.0000 

1904 

Feb.  27   Feb.  29 

1 

Distinct. 

Considera- 
ble, earthy. 

0.10 

8.00 

1.10 

1.90 

.0076 

.0360 

.10 

.0070  .0000 

2104 

Mar.  26   Mar.  27 

Very  slight. 

Very  slight. 

0.25 

1.95 

0.40 

1.66 

.0000 

.0138 

.14 

.0060  .0000 

I           1 

2319 

Apr.  26 

Apr.  27 

Slight. 

VerysUght. 

0.30 

1.80 

0.65 

1.25, 

.0000 

.0075 

1 

.08    .0030 

.0001 

2532  ^  May  28 

May  29 

Slight. 

Slight. 

0.10 

2.16 

0.60 

1.65 

.0000 

.0092 

.09    .0020  .OOfl 

2856 

Jnne  21 

JaDe23 

Distinct. 

Considera- 
ble. 

0.80 

2.50 

0.95 

1.55 

.0008 

.0222 
.0154 

.08 

.0030  .0001 

2785 

July  17 

July  18 

• 

Decided.. 

CoDsidem- 
ble, green. 

0.20 

2.60 

0.80 

1.80 

.0000 

.0316: 

.01941 

1 

.08 

.0000 

.0001 

3014 

Aug.  22 

Aug.  23 

Distinct. 

Slight, 
green. 

0.30 

8.35 

1.15 

2.20 

.0000 

.0266 
.0184 

.10 

.0060 

.0000 

8269 

Sept.  26 

Sept.  27 

Slight. 

Slight, 
white. 

0.20 

2.95 

1.40 

1.55 

.0000 

.0268 
.0196 

.14 

.0002 

3442 

Oct.  24 

Oct.  26 

Slight. 

^'^^1^. 

0.45 

2.55 

0.75 

1.80 

.0004 

.0162 
.0188 

.14 

.0080 

1 

.0002 

3609 

Xov.  26 

Nov.  27 

Slight. 

Considera- 
ble, earthy. 

0.05 

2.30 

0.60 

1.80 

.0002 

.0198 
.0108 

.14 

.0050 

.0008 

3738 
3942 

Dec.  17 

18 

Jan.  28 

Dec.  19 

89. 

Jan.  29 

Distinct. 
Very  slight. 

Slight, 
oarihy. 

VerysUght. 

0.20 
0.05 

2.40 
2.16 

0.65 
0.56 

1.75 
1.60 

.0004 
.0000 

.0148 
.0110 

.0160 
.0120 

.13 
.11 

.0030 
.0040 

.0002 
.0002 

4174 

Feb.  27 

Mar.    1 

None. 

VerysUght. 

0.10 

2.46 

0.46 

2.00 

.0002 

.0062 
.0048 

.11 

.0090 

.0001 

4420 

Ma».  26 

Mar.  28 

Very  slight. 

VerysUght. 

0.15 

1   1.96 

0.65 

1.40 

.0014 

.0172 
.0188 

.07 

.0050 

.0001 

4576 

Apr.  26 

Apr.  26    Distinct. 

|l 

Slight, 
white. 

0.10 

.  2.06 

0.80 

1.75 

.0008 

.0102 

.om 

.08 

.0030 

.0002 

4706 

May  21 

May  22 

Slight. 
1 

Considera- 
ble, earthy. 

0.76 

1  2.75 

1.20 

1.55 

.0024 

.0224 
.0204 

.09 
i    -12 

.0040 

.0001 

Av. 

0.28 

2.74   0.82 

1.92 

.0008 

.0180 

.0042 

i 

.0001 

1 

1 

1 

1 

HanineM  in  May,  1888,  0.6.    Odor,  generally  very  falot  or  none,  sometimes  very  faiotly  vegetable, 

rarely  disagreeable. The  samples  were  collected  from  the  reservoir  at  the  gate-house,  with  the 

ezcepUon  of  No.  4174,  which  was  collected  at  the  inlet  to  the  reservoir.  Nos.  211, 419,  640,  834,  2319  and 
2532  were  collected  at  a  depth  of  five  feet  beneath  the  surface,  and  the  remaining  samples  at  one  foot 
beneath  the  surface.  On  account  of  a  bad  odor  and  taste,  this  reservoir  was  shut  off  on  July  7, 1888, 
and  no  water  was  being  used  from  it  at  the  time  of  collecting  Nos.  2785  and  3014.  For  a  record  of  the 
heights  of  water  in  this  reservoir  at  the  times  when  the  samples  of  water  were  collected,  see  page  128. 
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WATER   SUPPLY  AND   SEWERAGE. 


[Dec. 


Microscopical  Examination. 


18S8.                                                       1M89. 

June. 

Jolj*. 

Aug. 

sept 

Oct. 

XOT. 

Dec. 

Jan.    Feb. 

Mar. 

Apr. 

May. 

1.    Bluo-grccn  AlgsB,     . 

. 

0.0 

pr. 

0.0 

0.0 

pr. 

0.0 

0.0 

1 

0.0 

0.0 

0.0 

0.0 

0.0 

2.    Other  AIg»,     . 

. 

0.4 

7.1 

0.4 

0.8 

0.7 

1.4 

11.8 

0.1 

0.1. 

3.1 

1.2 

0.0 

3.    Fungi, 

•      • 

0.2 

0.0 

0.0 

pr. 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.    Animal  Forma, 

••       • 

0.3 

20.0 

1.1 

pr. 

0.2 

0.0 

0.3 

pr. 

0.0 

0.0 

12.0 

0.0 

GroupB  and  principal  genera  of  organUma  obaerved:  1.  Cyanophyceic.  2.  riilmellaccae ;  Zoo- 
BporciD,  SceitedfmnuA  ;  DcamldlacetD ;  Diatomaceis,  AiterioufUa,  Gomphonema,  St/nedra,  TabeUaria. 
3.  Schizomycetca.    4.  Protozoa,  Dlnobrtfon,  Peridinium;  Rotifora. 


Eciyhts  of  WcUer  in  Falulah,  Overlook  and  Scott  Beservotrs,  Fitchburg,  at  the 
times  when  Samples  of  Water  were  collected  for  Analysis, 

Note.  —The  height  of  water  in  Falnlah  Reaenrolr,  when  full,  la  20  feet;  In  Overlook  and  Scott  Rea- 
ofvolra,  40  feet. 


Date  of  Collkctiox  or  SAMrLsa  or  Watxk. 


1887. 

June  28, 

July  27, 

Auguat20 

Beptemher  21,    . 

October  26, 

November  29 

December  28 

1888, 

January  81,         .        .       .        < 
February  27,       ...       . 

March  26 

April  20 

May  28 

June  21, 

July  17, 

August  22, 

Boptcmber  26 

October  24 

November  26,      .        .        .        . 
December  J7,     .       .       .       . 

1889. 

January  28,         .       .        .        . 
February  27,       .        .        .        . 

March  26, 

April  25 

May  21 


Height  ok  Water  ix  Reskbvoirs. 


FAhilnh. 

Overlook. 

Scott 

20.0 

38.0 

40.0 

20.0 

37.4 

80.5 

20.0 

37.0 

40.0 

20.0 

37.1 

40.0 

7.0 

38.0 

89.3 

20.0 

36.0 

89.5 

20.0 

35.0 

40.0 

18.0 

39.5 

40.0 

20.2 

33.5 

40.1 

2D.1 

36.0 

40.05 

20.2 

37.6 

40.05 

20.05 

38.55 

40.0 

19.5 

39.5 

39.8 

19.2 

36.3 

39.3 

20.2 

34.0 

86.0 

20.5 

37.6 

35.5 

20.4 

37.6 

39.2 

20.2 

85.0 

40.05 

20.6 

33.4 

40.4 

20.1 

39.4 

40.05 

10.5 

37.0 

89.0 

20.1 

39.5 

40.05 

19.7 

38.7 

89.9 

19.6 

39.7 

80.9 
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Water  Supply  of  Framingham,- 

Company. 


■Framingham  Water 


Description  of  Works. — Population  of  the  town  in  1885,  8,275. 
Tlie  works  are  owned  by  the  Framingham  Water  Company.  Water 
was  introduced  in  1885,  and  is  now  supplied  to  the  village  of  South 
Framingham  only.  The  average  daily  consumption  for  1888  was 
170,000  gallons.  The  source  of  supply  is  a  filter-gallery  on  the 
shore  of  Farm  Pond.  The  gallery  is  in  two  sections,  one  section 
being  200  feet  long  and  the  other  250  feet  with  a  pump  well 
between.  Each  section  is  about  4  feet  high  and  42  to  48  inches 
wide.  The  pond  covers  part  of  the  gallery,  and  in  some  places 
^  there  is  a  thickness  of  but  two  feet  of  gravel  between  the  top  of  the 
arch  and  the  water  above.  The  arch  is  water-tight,  however,  and 
no  water  can  reach  the  gallery  unless  it  has  passed  through  at  least 
fiye  feet  of  filtering  material.  The  bottom  of  the  filter-gallery  is 
about  six  feet  below  the  surface  of  the  pond.  There  is  a  direct  con- 
nection between  the  pump  well  and  Farm  Pond,  and  also  a  connec- 
tion with  the  conduit  leading  from  the  Sudbury  River  reservoirs  of 
the  Boston  Water  Works,  made  by  a  pipe  laid  on  the  bottom  of  the 
pond  to  the  conduit.  Water  is  distributed  by  pumping  directly  to 
the  consumers.  Distributing  mains  are  of  cast  iron,  and  service 
pipes  of  lead  and  wrought  iron. 


Chemical  Examination  of  Water  from  the  FiUer-Odllery  of  the  Framingham 

Water  Company. 
[Parts  per  100.000.] 


I>ATK  OF 

1                Appsaraxcb. 

1       Rkbidub  on 
£vapohation. 

AXMOXIA. 

NiTROOBSr 
A8 

1 

i 

A 

Turbidity. 

«s 

1 

H 

i 

1 

1 

< 

i 

9i 

1 

204 

18 

June  27 

June2S 

None. 

VerysUght. 

0.20 

6.27 

0.77 

4.50 

.0010 

.0080 

.41 

.0260 

_ 

403 

July  26 

July  27 

None.. 

CoDBidera- 
ble,  black. 

0.15 

5.45 

0.57 

4.88 

.0008 

.0098 

.37! 

.0130 

- 

ei5 

Aug.  SO 

Aug.  31 

Very  Blight. 

None. 

0.10 

6.27 

0.80 

5.47 

.0060 

.0268 

.66 

.0070 

- 

874 

Oct.     3 

Oct.     4 

Very  ellght. 

CouBldera- 
ble,  earthy. 

0.05 

5.05 

0.92 

4.73 

.0051 

.0169 

.40 

.0100 

- 

1089 

Nov.    1 

Xov.    2 

Very  Blight. 

Slight. 

0.00 

6.80 

0.90 

,4.90 

.0006 

.0061 

.41 

.0100 

- 

1309 

Dec.    2 

Dec.    8 

Slight. 

None. 

0.00 

6.45 

0.85 

5.60 

.0052 

.0072 

.40 

1 

.0080 

- 

Digitized  by 


Google 


130 


WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Chemical  Examination  of  Water  from  the  Filler- Oallery  of  the  Framingham 
Water  Company  —  Concluded. 


Datb  of 

ArPKABAKCB. 

Rkbidttk  on 

KVAPOKATIOSr. 

AmcoiriA. 

1 

NiTBOon 

AB 

1 

j 

if 

1 

9 

1 

1 

1 

§1 

1 

1 

1^ 

1 

'A 

^ 

1524 

IS 

Jan.    2 

88. 

Jan. 

Very  Bl!ght.|  Slight. 

0.00 

6.05 

0.75 

5.30 

.0030 

.0005 

.44 

.0200 

oool 

1719 

Feb.    1 

Feb. 

Very  Blight. 

None. 

0.00 

5.70 

0.85 

4.85 

.0022 

.0044 

.38 

.0200 

.0001 

1941 

Mar.  2 

Mar. 

None. 

None. 

0.00 

6.10 

0.80 

5.30 

.0034 

.0061 

.47 

.0300 

.0004 

2133 

Apr.   2 

Apr. 

Very  Blight. 

None. 

0.00 

6.65 

0.60 

6.05 

.0008 

.0028 

.46 

.0400 

.0001 

2329 

May    1 

May 

DiBtlnct. 

Very  slight. 

0.10 

6.60 

0.75 

4.85 

.0010 

.0048 

.47 

.0300 

.0003 

2552 

June   6 

June 

None. 

Very  Blights 

0.15 

6.12 

0.88 

5.M 

.0012 

.0102 
.0058 

.50 

.0320 

.0008 

2711 

July    6 

July 

Di&tinct. 

Sllffht, 
oanhy. 

0.10 

6.00 

1.55 

4.45 

.0048 

.0126 
.0110 

.45 

.0280 

.0005 

2861 

Ang.  1 

Aug. 

None. 

Very  slight. 

0.40 

5.70 

1.30 

4.40 

.0020  .0176.' 
.0146 

.38 

.0080 

.0007 

8053 

Sept.  4 

Sept. 

None. 

Very  slight. 

0.80 

5.05 

1.20 

3.85 

.0046  .0108 

.29 

.0060 

.0004 

3287 

Oct.    1 

Oct. 

Very  Blight. 

SllKht, 
black. 

0.05 

6.90 

1.10 

4.80 

.0036 

.0128 
.0100 

.44 

.0500 

.0007 

3183 

Oet.  81 

2r«T. 

Very  slight. 

None. 

0.10 

6.80 

1.20 

4.60 

.0030 

.0058 

.46 

.0300 

.0008 

3641 
3311 

Dec.    8 

18 

Jan.    1 

Dee. 

8». 

Jan. 

Veryellght, 
Very  Blight. 

None. 
None. 

0.00 
0.00 

6.0.1 
6.15 

1.05 
1.20 

5.00 
4.95 

.0024 

.0022 

.0026 
.0060 

.53 
.60 

.0750 
.0800 

.0004 
.0001 

3960 

Feb.    4 

Feb. 

Distinct, 
milky. 

Slight, 
white. 

0.00 

5.40 

0.30 

6.10 

.oorw 

.0050 

.48 

.0400 

.0002 

4209 

Mar.    4 

Mar. 

None. 

None. 

0.00 

6.55 

1.40 

5  15 

.0058 

.0050 

.48 

.0100 

.0001 

4452 

Apr.   1 

Apr. 

2 

None. 

None. 

0.00 

6.40 

1.10 

6.80 

.0050 

.0032 

.60 

.0280 

.0001 

4607 

May    1 

May 

2 

None. 

None. 

0.00 

6.40 

1.35 

5.06 

.0044 

.0033 

.62 

.0250 

*0001 

Av. 

1 
1 

0.07 

6.93 

0.90 

5.03 

.0031 

.0084 

I 

.45 

.0272 

.0003 

Hardness  in  May,  1888,8.0.    Odor,  very  faint  or  none. The  eamplca  were  collected  from  the 

filter-gallery. 

Microscopical  Examination, 


1888. 

1889. 

Jane. 

July. 

Aug.  Sept 

Oct. 

Nov. 

Dec, 

Jan. 

Feb. 

Mar.'  Apr. 

1 

May. 

1.  Bine-green  Algso, . 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Alg« 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

8.  Fungi, 

1.0 

3.2 

0.0 

pr. 

pr. 

0.0 

0.2 

0.0 

0.0 

0.0 

pr. 

0.0 

4.  Animal  Forms,     .... 

0.0 

0.0 

pr. 

pr. 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

Groups  and  principal  genera  of  organisms  obBcrred :   1.  Cyanophyceo).   2.  Dlatomaoeo.   8.  Schixo* 
myoetOB,  Orenothrix.    4.  Protozoa. 
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Chemical  ExamintUion  of  Water  from  Oleasoti't  Pond,  Framingham. 

[Put*  pw  100,000.] 


Datbov 


i\ 


APFBARAKCB. 


RRtlDnB  OH 
EVAPOBATIUM. 


4 


Amxoxia. 


i 

ii 


4S15 


Mar.  U   Mar.  16  ,  Blight. 


V«ry  slight. 


0.1 


2.85 


0.« 


1.70 


.0000 


.0174 
.DIM 


.84 


.0030 


.0000 


Odor,  faintly  mouldy. The  sample  was  collected  from  the  pond  at  the  ioe-honse  wharf. 

Microscopical  Examinaiion. 

March,  18S9.    1.  Blae-green  algse.O.O;  2.  Other  aign,  0.2;  8.  Fungi,  0.04;  Animal  forms,  pr. 
Groupe  and  principal  genera  of  organisms  observed :    2.  Dlatomacen.    4.  Protozoa. 

Chemical  Examinaiion  of  Water  from  LeamtfJCa  Pond,  Framingham, 

[Parts  per  1(XM)00.] 


DATS  OP 


Si 
3- 


Appearaxcb. 


RBSIDUK  OH 
EVAPOBATIUX. 


4 
n 


i 


Ammoxia. 


II 


18  so. 

4316   Mar.  14   Mar.  16 


Slight. 


Very  alight 


0.05 


1.35 


0.60 


0.75 


,0000 


.0151 
.0114 


,0030 


.0000 


Odor,  faintly  earthy. The  sample  was  collected  near  the  west  shore  of  the  pond. 

Microscopical  Examination. 

March,  1S89.    1.  Blue-green  algn,  0.0;  2.  Other  algae,  pr;  3.  Fungi,  0.0;  4.  Animal  forms,  0.6. 
Groups  and  principal  genera  of  organisms  observed :    2.  Zoospores).   4.  Protoxoa ;  Entomostraca. 


Water  Supply  of  Franklin.  —  Franklin  Water  Company. 

Description  of  Works.  —  Population  in  1885,  3,983.  The  works 
are  owned  by  the  Franklin  Water  Company,  and  were  built  in 
1884.  The  average  daily  consumption  in  1889  was  74,768  gallons. 
The  sources  of  supply  are  two  large  wells  located  on  the  bank 
of  Mine  Brook.  The  first  well,  built  in  1884,  is  20  feet  in 
diameter  and  about  25  feet  deep;  a  direct  connection  made  with 
Beaver  Pond,  which  is  a  short  distance  from  the  well,  was 
used  in  emergencies  until  1887.  The  area  of  Beaver  Pond  is 
30  acres  ;  depth,  30  to  60  feet.  About  one-half  the  bottom  of  the 
pond  is  sandy  and  the  remainder  muddy.  .  There  is  a  small  amount 
of  shallow  flowage.  In  1887  a  second  well,  33  feet  in  diameter  and 
li  feet  deeD,  was  constructed  near  the  first  one,  and  since  that  time 
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the  wells  have  furnished  the  entire  supply  of  water  for  the*  town. 
Pumps  force  the  water  to  an  open  iron  tank  30  feet  in  diameter  and 
80  feet  high.  Distributing  mains  are  of  wrought  iron  lined  with 
cement.     Service  pipes  are  of  wrought  iron,  coated  with  tar. 

Chemical  Examination  of  Water  from,  the  Wells  of  the  Franklin  Water  Company. 

[Parts  per  100,000.] 


Datb  of 

ArPBARAKCB. 

Residcr  ok 

EVAPOIUTIOK. 

A3I3IOXU.. 

i          1 

'•          1 

Xit»>oe:: 

AS 

1 

8 

il 

&3 

^ 

1 

o 

1 

§1 

1 

i 

.1 

< 

1 

1 

>5 

141 

1887. 
June  20  i  June  21 

1  Very  alight. 

None. 

0.0 

9.60 

_ 

1 
.0008 

1 

1     .1     ; 

.0012    0.88    .3900 1    - 

354 

July  18 

July  1»'  None. 

None. 

0.0 

10.40 

- 

- 

.0000 

.0011 

1.05;  .2600 

543 

Aug.  15 

Aug.  1ft 

'  Slight, 
milky. 

None. 

0.0 

10.10 

- 

- 

.0004 

.0017 

0.85  1 1. 1630 

'1 

- 

644 

Aug.  15 

Aug.  1ft 

Slight, 
milky. 

Slight. 

0.1 

9.95 

- 

- 

.0002 

.0018 

0.84    .1460      - 

1          ! 

755 

Sept.  13 

Sept.  14 

VefyaHght. 

Slight, 
earthy. 

0.0 

9.25 

- 

- 

.0000 

.0013 

0.94    .1950      - 

063 

Oct.  IT 

Oct.  18 

Very  •light. 

Very  Blight. 

0.0 

8.70 

- 

- 

.0000 

.0010 

0.90    .19501     - 

1183 

Nov.  14 

Nov.  15 

None. 

None. 

0.0 

8.55 

- 

.- 

.0000 

.0010 

0.98  i.2400      - 

1426 

Dec.  16 

Dec  17 

None. 

None. 

0.0 

8.75 

- 

_ 

.0000 

.0022 

1.01    .3000      - 

1014 

18 

Jan.  17 

88. 
Jan.  IS 

None. 

Very  slight. 

0.0 

8.40 

- 

_ 

.0000 

.0010 

1            1 
0.87    .2500  j. 0005 

1793 

Feb.  10 

Feb. 10 

None. 

None. 

0.0 

8.05 

- 

.0000 

.0034 

0.S2    .2000  .0001 

2072 

Mar.  21 

Mar.  22 

Slight, 
milky. 

Very  alight. 

0.0 

7.70 

- 

1.0000 

.0010 

0.81    .1600 

i' 

.0000 

2287 

Apr.  23 

Apr.  24 

None. 

None. 

0.0 

6.55 

- 

- 

.0000 

.0018 

0.76'  .2000 

1 

.0002 

2490 

May  22 

May  23 

Slight. 

Very  slight. 

0.0 

7.95 

- 

- 

.0000 

.0010 

0.77  1  .2000 

.0000 

Av. 

- 

8.n 

- 

.0001 

.0015 

1 
0.88     '>^!^ 

.0002 

1 

Hardness  Id  May.  1888,  3.5.    Odor,  none. Samples  numbered  544»  1614, 1798,  2072  and  2490  ^ere 

collected  from  a  faucet  in  the  village ;  the  remaining  samples  were  collected  from  a  faucet  at  the  pump- 
ing station  while  pumping.  A  new  well  was  being  dug  close  to  the  old  one  at  time  of  collection  of  Nos. 
643  and  544.    It  was  completed  and  connected  with  the  other  Just  before  the  collection  of  No.  755. 

Microscopical  Examination, 


March.         ApriL 


Mar. 


1.  Blue-green  AIgn, 

2.  Other  Algie, 

3.  Fungi, 

4.  Animal  Forms, . 


0.0 


pr. 
0.0 


pr. 


0.0 
pr. 
0.0 
0.0 


0,0 
0.0 
0.0 
0.0 


Groups  and  principal  genera  of  organisms  observed :    2.  Diatomaceaa.    4.  Proto^. 
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Cheniieal  Examination  of  Water  from  Beaver  Pond  in  Franklin. 
fPaitt  p«r  lOIMWa.] 


DATS  OF 

APPKAIUirGS. 

RKBIDDB  Off 
EVAPOSATIOV. 

Ammoxia.  1 

i 

1 

NITROOBN 

1 

ZJ 

i 

f 

j 

1 

1 

§1 

1 

1 

ll 

< 

1 

i 
i 

U2 
3d3 

IS 

Jane  20 

July  18 

1 
S7- 
June21  ;  Slight. 

July  19  J!  Very  Blight. 

None. 
Very  Blight. 

0.5 
0.7 

3.8S 

1.92 
1.50 

1.85 
2.35 

1     1 

.0003  .0311       .30 
.0004  .0205 ']    .2S 

.0130 
'.0040 

- 

Odor,  decidedly  vegetable. The  samplea  were  collected  from  a  faucet  at  the  pumplog  Btation 

while  temporarily  drawing  water  from  the  poud  only. 


Chemical  Examination  of  Water  from  Mine  Brook  in  Franklin, 

[Parts  perlOQ,OOa] 


DATS  or 

AFPBABAffCB. 

RaaiDUB  Off 

BTAFOBAIfOff. 

Ammomia. 

. 

KlTROQBff 
AB 

A 

1 

^1 

f 

1 

1 

1 

§1 

t 

i 

1^ 

1 

1 

962 

issr. 

Oct.  17    Oct.  18 

Sttgfat. 

Slight, 
brown. 

0.45 

§.20 

IM 

4.U 

.0952 

.0153 

1 

.80 

.0130 

- 

Odor,  decidedly  vegetable. Theaample  waa  collected  from  Mine  Brook  near  the  wells  of  the 

Franklin  Water  Company. 


Freetown. 

Chemical  Examtnaiion  of  Water  frmn  Forge  Pond%  Freetown, 

[Parts  per  100,000.] 


1^ 


Appxabakob. 


RB8IDUB  OM 
EVAPOBATIOK. 


Ammomia. 


S 

o 


MITBOOBN 
AB 


4298 


Mar.  14   Mar.  14 


Very  slight. 


None. 


1.3 


!    8.50 


1.80 


1.70 


.0020 


.0244 
.0196 


.32  '.0040  .0001 


Odor,  very  faintly  vegetable. The  sample  was  collected  from  the  pond. 
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Water  Supply  of  Gardner.  —  Gardner  Water  Company. 

Description  of  Works.  — Population  in  1885,  7,283.  The  works 
are  owned  by  the  Gurdner  Water  Company.  Water  was  introduced 
in  1882.  The  average  daily  consumption  in  1888  was  308,743  gal- 
lons. The  source  of  supply  is  Crystal  Lake  in  Gardner.  Area,  156 
acres ;  maximum  depth  at  least  40  feet ;  bottom,  gravel  and  ledge. 
There  is  no  shallow  flowage.  Its  drainage  area,  including  the  area 
of  the  pond,  as  estimated  from  the  new  topographical  map  of  Mas- 
sachusetts, is  550  acres.  The  population  on  the  drainage  area  is 
not  large,  although  the  village  is  beginning  to  encroach  upon  it. 
Pumps  force  the  water  to  an  open  distributing  reservoir,  400  feet 
long  and  150  feet  wide,  with  a  capacity  of  5,000,000  gallons. 
The  depth  of  water,  when  full,  is  20  feet.  The  bottom  is  of  clay 
and  the  slopes  are  paved.  Distributing  mains  are  of  cast  iron  and 
service  pipes  are  of  tar-coated  wrought  iron. 

Chemical  ExamtTiation  of  Water  from  Crystal  Lake, 

[Parts  per  100,000.] 


DAT*  OF 

Appbakmick. 

1 

Rksiddb  on 

EVAPOaATIOV. 

AxaiONiA. 

1 

NITBOOEK 
AS 

1 

j 

^ 

Turbidity. 

1 

1 

1 

§1 

1 

1 

il 

i 

e 

1 

9i 

193 

1887. 

June  24  1  June  25 

None. 

None. 

0.00 

3.10 

0.55 

2.66 

.0000 

.0102 

.21 

1 

1 

.0000 

_ 

444 

July  29  j  July  80 

Slight. 

None. 

0.05 

2.50 

0.27 

2.23 

.0002 

.0098 

1    .17 

.0000 

- 

632 

Aug.  26 

Aug.  27 

Very  slight. 

Very  slight. 

0.05 

2.47 

0.60 

1.87 

.0017 

.0133 

.22 

;.oo3o 

- 

861 

Sept.  23 

Sept.  24 

Very  Blight. 

Very  alight. 

0.05 

2.80 

0.90 

1.90 

.0000 

.0141 

.14 

1.0000 

- 

1136 

Nov.   9 

yov.  10 

Very  alight. 

Very  slight. 

0.00 

2.50 

0.76 

1.75 

.0000 

.0094 

.23 

.0060 

- 

1330 

Dec.    6 'Dec.    7 

'very  Blight. 

None. 

0.00 

2.55 

0.65 

1.90 

.0006 

.0102 

.22 

.0020 

- 

1479 

Dec.  22   Dec.  23 

Kone. 

Very  slight. 

0.00 

2.50 

0.60 

1.90 

.0017 

.0104 

.27 

.0030 

- 

1715 

1«»88. 
Jan.  31 1  Feb.    1 

Very  Blight. 

Very  slight. 

0.00 

2.50 

0.65 

1.85 

.0032 

.0104 

.18 

1 

.0100 

.0001 

1930 

Mar.    1   Mar.    2 

None. 

None. 

0.00 

2.65 

0.65 

2.00 

.0034 

.0106 

.28 

.0100 

.0001 

2103 

Mar.  26   Mar.  27 

Slight. 

Very  slight. 

0.00 

2.65 

0.35 

2.30 

.0026 

.0116 

.23 

.0100 

.0000 

2809 

Apr.  25   Apr.  26 

Slight. 

None. 

0.00 

2.60 

0.75 

1.85 

.0008 

.0088' 

.23  j  1.0100 
.19 '  .0070 

.0001 

2518 

May  25  '  May  28 

Slight. 

Very  slight. 

0.05 

2.60 

0.70 

1.90 

.0016 

.0146 

.0002 

Av. 

- 

2.62 

0.62 

2.00 

.0013 

.0111 

.21  ,'l-ftftwi 

.0001 

1 

HardneBB  in  May,  1888,  1.1.    Odor,  very  faint  or  none. The  samples  were  generally  coliecied 

from  a  faucet  at  the  pumping  station  while  pumping.  There  were  heavy  rains  Just  previous  to  the  col- 
lection of  Nob.  193  and  444.  Water  In  the  lake  was  very  high  at  the  time  No.  632  was  collected,  being 
28  Inches  higher  than  at  the  Ume  of  collecting  No.  444. 
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Microscopical  Examination. 


1S8S. 


March. 


April 


Uay. 


1.  Blue-green  AlgsD, 

2.  Oiher  Algae,      . 

3.  Fangi, 

4.  Animal  Forms. 


0.0 
0.0 
0.0 
0.0 


pr. 
pr. 
0.0 
0.0 


0.0 
pr. 
0.0 
pr. 


Groups  and  principal  genera  of  organiaoui  observed :  1.  Cyanophyceas.  2.  Diatomaceae.  4.  Protozoa. 

Chemical  Eocaminaiion  of  Water  from  the  Distributing  Reservoir  of  the  Gardner 

Water  Company,    . 

[ParU  per  100,000.] 


Datk  of 

APPSAXJUfCB. 

Rbsiduk  on 

EVAl>ORATIOir. 

J 

NiTSOOSX 
AS 

1 

j 

if 

K 

1 

1 

^ 

1 

1 

-< 

1 

1 

192 

18 

June  24 

87. 
June  25 

Very  slight. 

Slight. 

0.00 

2.62 

0.97 

1.65 

.0006 

.0111 

.24 

.0000 

_ 

443 

July  27 

July  30 

Very  slight. 

Very  slight. 

0.05 

2.82 

0.65 

2.27 

.0003 

.0124 

.20 

.0030 

- 

031 

Aug.  26 

Aug.  27 

1 

Decided, 
milky. 

Slight. 

0.05 

2.8o 

0.70 

2.15 

.0006 

.0160 

.19 

.0000 

- 

850 

Sept.  23 

Sept.  24 

Distinct. 

Slight. 

0.05 

2.60 

0.55 

2.05 

.0000 

.0153 

.10 

.0030 

- 

1137 

Nov.   9 

Nov.  10 

Decided, 
milky. 

Consld'ble. 
earthy. 

0.05 

3.70 

0.90 

2.80 

.0002 

.0166 

.21 

.0040 

- 

1331 

Dec.    6 

Dec.    7 

Slight. 

Slight. 

0.00 

2.65 

0.55 

2.10 

.0072 

.0104 

.21 

.0030 

- 

1478 

Dec.  22 

Dec.  23 

Slight. 

SligAt. 

0.10 

2.65 

0.60 

1.95 

.0004 

.0114 

.24 

.0080 

.0002 

1714 

18  88. 

Jan.  31 1  Feb.    1 

DlsUnct. 

Sli't,  rusty. 

0.05 

2.85 

0.70 

2.15 

.0000 

.0108 

.19 

.0150 

.0000 

1040 

Mar.    IjMar.   2 

SUght. 

None. 

0.00 

2.85 

0.60 

2.25 

.0034 

.0100 

.28 

.0120 

.0001 

aooo 

Mar.  23  Mar.  24 

Blight. 

Very  slight. 

0.05 

2.75 

0.60 

2.15 

1.0028  |.0102 

.27 

.0100 

.0002 

2310 

Apr.  25 

Apr.  26 

Distinct. 

Slight. 

0.00 

2.85 

1.00 

1.85 

.0000  [.0127 

.21 

.0100 

.0001 

2517 

May  25  May  28 

DisUnct. 

1 

Much, 
brown. 

0.05 

2.60 

0.75 

1.85 

.0022  .0162 

.19 

.0090 

.0001 

Av. 

1             . 

1 

0.04 

2.81 

0.71 

2.10 

.0015  -Oi2rt 

.21 

.0064 

.0001 

i 

1 

1 

Hardness  in  May,  1888.  I  A,    Odor,  very  faint  or  none. The  samples  were  collected  from  the 

reservoir.    The  sides  of  the  reservoir  were  badly  washed  by  rain  a  shori  lime  previous  to  the  collection 
of  No.  631. 


Microscopical  Examination, 


March. 


ApriL 


May. 


1.  Blue-green  Algae, 

2.  Other  AlgflB,       . 
8.  Fungi, 

4.  Animal  Forms, . 


0.0 
pr. 
0.0 
pr. 


0.0 
pr. 
0.0 
pr. 


0.0 
pr. 
0.0 
pr. 


Groups  and  principal  genera  of  organisms  observed:    2.  PalmellacosB;  Zoosporess;  DiatomaceaE 
4.  Protozoa. 
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Water  Supply  of  Gill. — Riverside  Water  Company. 

Description  of  Works.  — Population  of  the  town  of  Gill  in  1885, 
8(50.  The  works  are  owned  by  the  Riverside  Water  Company,  and 
supply  56  water  takers  in  the  village  of  Riverside.  The  source  of 
supply  is  Heal- All  Spring,  from  which  water  is  supplied  to  the  vil- 
lage by  gravity  through  a  main  pipe  three  inches  in  diameter.  It 
has  been  proposed  to  obtain  an  additional  supply  from  Kevin's  Brook. 

Chemical  ExamiTMtion  of  Water  from  Nevin^s  Brook  in  Gill. 

[ruts  per  100,000.] 


Afpeabaxck. 


RimiDITB  OK 
EVAFUKATIOH. 


%' 


KlTBOOBS 


4254 


18  89. 
Mar.    7  Mar.    9 


Very  Blight, 


Conaid*ble, 
enrthy  and 
floccalent 


0.1 


4.10 


0.40 


8.70 


.0000 


.0004 


HardDess,  2.6.    Odor,  faintly  oarthy. The  uunple  was  collected  from  the  brook  when  the  water 

waB  high  on  accoant  of  ralu  and  melting  snow. 

Microscopical  EoMimination. 

March,  1889.     1.  Blucgreen  algaa,  0.0;  2.  Other  alga),  0.4;  3.  Fungi,  pr.     Groups  and  principal 
genera  of  organisms  observed :    2.  DlatomacesB ;  Zygnemaceas.    3.  Schizomycotea. 

Water  Supply  of  Gloucester.  —  Gloucester  Water  Supply 

Company. 
Description  of  Works.  —Population  in  1885,  21,703.  The  works 
are  owned  by  the  Gloucester  Water  Supply  Company.  Water  was 
introduced  in  1885.  The  average  daily  consumption  in  1888  was 
387,427  gallons.  The  sources  of  supply  are  two  storage  reservoirs 
situated  in  West  Gloucester.  The  main  reservoir,  known  as  Dikes' 
Storage  Reservoir,  has  ah  area  of  about  88  acres  and  an  average  depth 
of  about  18  feet.  Its  watershed  is  408  acres  and  its  height  above  the 
sea  92  feet.  It  was  formed  by  flowing  an  extensive  meadow.  The 
second  storage  reservoir,  known  as  Wallace  Pond,  is  located  farther 
down  the  stream,  at  an  elevation  of  61  feet  above  the  sea.  Its 
watershed  is  178  acres.  Water  has  not  yet  been  used  from  this 
reservoir.  The  watersheds  of  both  reservoirs  are  uninhabited,  and 
are  sterile  and  rocky  and  contain  but  little  swamp  land.  Water 
is  brought  through  a  pipe  from  Dikes'  Reservoir  to  the  pumping 
station,  where  it  is  forced  to  a  distributing  reservoir.     All  water 
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pumped  passes  through  this  reservoir.  Distributing  mains  are  of 
wrought  iron  lined  with  cement  and  of  cast  iron.  Service  pipes  are 
of  wrought  iron  coated  with  tar. 

Chemical  Examinalion  of  Water  from  Dikes^  Brook  Storage  Reservoir. 

[rarts  per  100.000.] 


Date  or        jj                Appxarakcb. 

Bbsidub  on 

EVAPOKATION. 

AXXOKIA. 

j 

NiTROOSir 

AS 

IS 

1 

jl 

1 

j 

1 

1 

§1 

i 

1 

•6 

[i 

'A 

^ 

1            18  M7. 
286   July    7, July    8 

Slight. 

Slight. 

0.80 

4.65 

1.40 

8.15 

.0000 

.0220 

.69 

.0000 

. 

609,  Aug.  9   Aug.  9; 

Slight. 

Slight. 

1.10 

6.75 

1.86 

8.90 

.0116 

.0209 

.76 

.0000 

- 

85« 

Sept.  27 

Sept.  28 

Slight. 

Slight, 
rusty. 

0.60 

4.95 

1.76 

a.2o 

.0029 

.0267 

.76 

.0030 

- 

1178 

Nov.  12 

Nov.  14 

Slight. 

Consld'blc. 

0.70 

4.72 

1.92 

2.80 

.0323 

.0309 

.77 

.0050 

- 

17&4 

IS 

Feb.    4 

Feb.    6 

Ver}' slight. 

Very  slight. 

0.70 

4.95 

1.96 

8.00 

.0028 

.0273 

1 

.79 

.0100 

1 

.0000 

vm 

Mar.    6  Mar.    7 

1 

Slight. 

Consld'ble, 
green. 

0.70 

5.00 

2.30 

2.70 

.0002 

.0404 

.81    .0050 
.72    .0060 

.0000 

2I«2 

Apr.   6,  Apr.    7    Very  alight. 

Slight. 

0.80 

8.70 

1.30 

2.40 

.0002 

.0249 

.0002 

23M 

May    7   May    8  |  Vi*ry  slight.  ^  Slight. 

0.40 

3.75 

1.40 

2.35 

.0004 

.0182 

.70 

'.0060 

1 

.0001 

2598 

June 13 

June  14  1  Very  Blight. 

Sllfcht, 
white. 

0.50 

3.95 

1.10 

2.85 

.0018 

.0190 
.0162 

.64 

.0080 

.0002 

27»,JulylO 

July  10 ' 

DUtlnct. 

None. 

0.30 

2.95 

1.20 

1.75 

.0020 

.0228 
.0194. 

.73 

.0020 

.0001 

sm 

Aug.  2 

Aug.  8 

Slight. 

Very  slight. 

0.40 

4.{0 

1.25 

2.95 

.0164 

.0212 

.om 

.71 

.0020 

.0001 

8110 

Sept.  : 

Sept.  8 

Distinct. 

Considera- 
ble. 

0.30 

4.55 

1.60 

2.95 

.0280 

.0284 
.0172 

.68 

• 

.0080 

.0008 

8308 

Oct.    8 

Oct.     4 

Very  slight. 

Very  slight. 

0.20 

4.00 

1.15 

2.85 

.0174 

.0194 
.0174 

.66 

.0070 

.0004 

8515 

Nov.   8 

Nov.  9 

Slight. 

Very  slight. 

0.70 

4.20 

1.70 

2.50 

.0174 

.0232 
.0226 

.73 

.0070 

.0002 

8«2 

8827 

Dec.  10 
Jan.    7 

Dec.  11 
Jan.    8 

Very  slight. 
Very  slight. 

Very  slight. 
None. 

0.40 
0.60 

3.95 
3.90 

1.15 
1.55 

2.80 
2.35 

.0038 
.0002 

.0220 
.0194 

.0188 
.0172 

.77 
.77 

.0100 
.0040 

.0003 
.0002 

4004 

Feb.    9 

Feb.  11 

Distinct. 

Slight,  yel- 
low green. 

0.40 

8.85 

1.46 

2.40 

.0006 

.0226 
.0166, 

.80 

.0030 

.0000 

4244 

Mar.    7 

Mar.    8 

1 

Slight. 

Slight. 

0.60 

8.55 

1.10 

2.45 

.0000 

.0152 

.0110' 

1 

.80 

.0030 

.0001 

4473 

Apr.   6 

Apr.   6 

Very  slight. 

None. 

0.40 

3.50 

1.25 

2.25 

.0000 

.0174 
.0160 

.74 

.0030 

.0002 

4<1S 

May    8 

May    7 

Very  slight. 

Very  slight. 

0.80 

3.55 

1.40 

2.15 

.0004 
.0060 

.0162 
.0144 

.0229 

.73 
.74 

.0030 
.0044 

.0002 

At. 

' 

0.52 

4.67 

1.73 

2.94 

.0002 

1 

Hardness  in  May,  1888, 1.8.  Odor,  faintly  vegetable,  frequently  mouldy. The  samples  were  col- 
lected from  a  faac^t  at  the  pumping  station.  The  reservoir  was  lower  than  usual  on  March  6,  1888.  At 
the  time  of  collecting  Not. 2162  and  8308  the  water  in  the  reservoir  was  very  high  on  account  of  heavy  rains. 
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[Dec. 


Mieroaeopical  Examination. 


1888. 

1889. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr.' May. 

1.    Blue-green  Algaa, 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

pr. 

0.2 

0.0 

2.    Other  Algfe 

1.0 

1.0 

O.fl 

0.2 

0.0 

pr. 

1.0 

0.4 

0.0 

0.2 

0.5 

0.0 

8.    Fungi, 

0.7 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.    Animal  Forms,    .... 

0.0 

pr. 

pr. 

0.0 

pr. 

pr. 

0.0 

0.0 

1.8 

2.0 

0.5     pr. 

Groups  and  principal  genera  of  organisms  observed :    1.  Cyanophyceae.    2.  Palmellaccn,   Chloro- 
coccuH,  I'tvloooccus  ;  Zoosporeaa;  Dlatomacufls.    3.  Schizomycetes.    4.  r roU>zo%,  Peridinium. 

Chemical  Examination  of  Water  from  llie  Distributing  Reservoir  of  the 
Gloucester  Water  Company, 

[Parts  per  100,000.] 


Datb  or 

Appkabjlkcb. 

Rbsiddk  on 

EVAFOHATION. 

Ammohia. 

i 

I 

KiTBOGBH 
AS 

1 

1 

1^ 

H 

j 

1 

1 

si 
1-^ 

1 

|1 

1 

1 

285 
508 

1179 

1753 
1978 
2172 

18 

July    7 

Aug.   9 

Nov.  12 

18 

Feb.    4 

Mar.   7 
Apr.    9 

87. 

July    8 

Aug.  9 

Nov.  14 

88.. 

Feb.    6 

Mar.   9 
Apr.  10 

SUght. 
Decided. 

SUght. 

Slight. 
Slight. 
Decided. 

Slight. 

Heavy, 
brown. 

Considera. 
ble. 

Very  slight. 

VerysUght. 

Slight. 

0.80 
0.80 

O.TO 

0.70 
0.65 
0.60 

5.05 
6.87 

4.75 

5.00 
5.45 
4.00 

1.47 
1.60 

1.77 

2.15 
2.15 
1.45 

3.58 
4.27 

2.9S 

2.85 
3.30 
2.55 

.0048 
.0024 

.0347 

.0028 
.0021 
.0000 

.0200 
.0248 

.0326 

.0248 
.0312 
.0287 

.74 

.78 

.81 

.79 
.80 
.70 

.0000 
.0000 

.0040 

.0100 
.0050 
.0000 

.0000 
.0002 

Av. 

0.71 

5.02 

1.77 

3.25 

.0078 

.0270 

1 

.77 

.0032 

Odor,  faintly  vegetable  and  mouldy. The  samples  were  collected  from  the  reservoir,  with  the 

exception  of  1978  and  2172,  which  were  ooUected  from  a  faucet  in  the  city. 

Microscopical  Examination, 

April,  1888.    1.  Blue-green  aign,  0.0;   2.  Other  al gas,  pr.  3.  Fungi,  0.0;   4.  Animal  forms,  pr. 
Groups  and  principal  genera  of  organisms  observM :    2.  Zoosporoso;  Dlatomaces.    4.  Protozolu 

Chemical  Examination  of  Water  from  Day'^s  Upper  Pond,  Gloucester, 

CParts  per  100,000.] 


Datb  or 

ArFEABAHCK. 

Bbsiddb  on 
evapobatiun. 

AMMONIA. 

1 

Mitbogbn 

AS 

1 

B 
'A 

o 

f 

«j 

1 

1 

ii 

t 

i 

A 

< 

£ 

1 

8887 

18 

Oct.  17 

88. 

Oct.  18 

SUght. 

Very  slight. 

0.1 

6.35 

1.30 

♦.05 

.0032 

.0196 
.0142 

1.13 

.0500 

.0005 

Odor,  distinctly  mouldy.——  The  sample  was  coUected  from  the  pond  near  the  ice-house. 
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Chemical  Examination  of  Water  from  Day''»  Lower  Pond,  Gloucester. 

[Fiuta  per  100^.] 


Datc  or 


V 


Appbabascb. 


t 

1 


RxaiDUK  ov 

EVAPOBATIOM. 


Ill 


Sa 

< 


KlTRUGEai 
AS 


4261 


18  8». 

Mar.    8, Mar.  9 


Decided. 


CoDsid'ble. 


0.2 


6.30 


i.ao 


4.50 


.0000 


.0366 
.0210 


1.63 


.0180 


.0008 


Odor,  very  faintly  mouldy. The  sample  was  collected  from  the  pond  near  the  shore. 


Chemical  Examination  of  Water  from  Wcbster'^a  Pond,  Gloucester. 

[Paris  per  100,000.] 


Dam  or 

Afpeabascb. 

Bbsidub  ok 
evapubatiom. 

Ammohia. 

j 

AS 

1 

j 

|l 

f 

1 

1 

1 

c  o 

i 

1 

.1^ 

s 

s 

4200 

18  89. 

Mar.    8   Mar.  9 

Very  slight. 

Very  slight. 

0.16 

6.05 

1.50 

4.55 

.0004 

.0132 

1.34 

.1000 

.0003 

Odor«  none.— —The  sample  was  collected  from  the  pond  near  the  dam. 


Water  Supply  of  Grafton.  —  Grafton  Water  Company. 

Description  of  Works. — Population  in  1885,  4,498.  The  works 
are  owned  by  the  Grafton  Water  Company,  and  were  built  in  1886. 
The  average  daily  consumption  in  1888  was  about  100,000  gallons. 
The  source  of  supply,  until  early  in  1889,  was  a  covered  gallery, 
which  collects  water  from  several  large  springs.  Since  this  time 
the  supply  has  been  increased  by  sinking  tubular  wells.  The 
gallery  is  95  feet  long,  12  feet  wide  and  17  feet  high;  its  bottom 
is  20  feet  below  the  surface  of  the  ground.  Pumps  force  the  water 
to  an  open  iron  tank  25  feet  in  diameter  and  30  feet  high.  Dis- 
tributing mains  are  of  cast  iron  and  service  pipes  of  enameled 
iron. 
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Chemical  Exami?iation  of  Water  Jrom  the  Gallery  of  the  Grafton  Water  Company, 

[Parti  per  100,000.] 


Datk  of 

APPIAKA.HOS. 

Rrsidui  on 

EVAPORATIOX. 

AXMOXIA. 

NlTROOKir 
AS 

s 
"A 

j 

|J 

Turbidity. 

^ 

1 

1 

i 

1 

1 

il 

< 

1 

1 

1 

140 

IH 

June  20 

June  20 

Very  alight. 

None. 

0.00 

1 

11.50 

„ 

_ 

.0000 

.0013 

1.47 

.1300 

_ 

863 

July  19 

July  20 

None. 

None. 

0.00 

10.80 

- 

- 

.0000 

.0022 

1.3S 

.1110 

- 

5eo 

Aug.  16 

Aug.  17 

None. 

None. 

0.00 

10.70 

- 

- 

.0004 

.0017 

1.80 

.2270 

- 

763 

Sept.  14 

Sept.  15 

Distinct. 

Very  slight. 

0.00 

10.30 

1 

- 

- 

.0000 

.0038 

1.38 

.2600 

1 

947 

Oct.  13 

Oct.  14 

Distinct. 

Blight, 
earthy. 

0.00 

19.75 

- 

- 

.0000 

.0028 

1.31 

.2500      - 

1 

1102 

Nov.  U 

Nov.  12 

None. 

None. 

0.00 

9.05 

- 

- 

.0000 

.0014 

1.24 

.2500      - 

1613 

IS 

Jan.  17 

88. 
Jan.  18 

None. 

None. 

0.00 

10.95 

. 

.0003 

.0022 

1.70 

1      i 

.3250  .0008 

1806 

Feb.  13  Feb.  14 

None. 

None. 

0.00 

10.20 

- 

- 

.0000 

.0016 

1.67 

.4000  .0002 

2051 

Mar.  19 

Mar*  20 

None. 

None. 

0.00 

10.80 

- 

- 

.0008 

.0036 

1.49 

,.2600  .0001 

2223 

Apr.  16 

Apr.  17 

None. 

None. 

0.00 

11.30 

- 

- 

.0000 

.0020 

1.68 

.3200  .0001 

2472 

May  21 

May  22 

None. 

Slight, 
white. 

0.00 

18.65 

- 

- 

.0002 

.0080 

2.12 
1.61 

.3200  .0000 

Av. 

^ 1 

0.00 

10.76 

- 

- 

.0002 

.0023 

1 

.2585    nnni 

1 

1 

Ilarduess  in  May,  1888,  5.3.    Odor,  very  faint  or  none.  — The  samples  were  collected  from   a 
faucet  in  the  village,  excepting  Nos.  140  and  S6S|  which  were  collected  from  the  gallery. 

Microscopical  Examinaiion. 


1S88. 


March.         April. 


May. 


1.  Blue-green  AlgsB, 

2.  Other  Alg«,      . 
8.  Fungi, 

4.  Animal  Forms, 


0.0 
0.0 


0.0 


0.0 
pr. 
0.0 
0.0 


0.0 
pr. 
0.0 
0.0 


Groups  and  principal  genera  of  organisms  observed  :    2.  DIatomacen. 


Water    Supply   of    Great    Barrington.  —  Great   Barrington 

Water  Company. 
Description  of  Works. — Population  in  1885,  4,471.  The  works 
are  owned  by  the  Great  Barrington  Water  Company.  Water 
was  introduced  in  1867.  The  source  of  supply  is  a  small  mountain 
brook,  on  which  a  very  small  storage  reservoir  is  built.  The  area 
of  the  reservoir  is  estimated  to  be  about  one  acre.     Maximum  depth, 
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12  feet ;  average  depth,  about  6  feet ;  bottom,  clay  ;  capacity,  about 
1,700,000  gallons.  The  natural  drainage  area,  estimated  from  the 
new  topographical  map  of  Massachusetts,  is  about  134  acres.  The 
slopes  are  very  steep  and  heavily  wooded.  There  is  veiy  little 
cleared  land  and  no  population  on  the  drainage  area.  In  the  vicinity 
of  the  reservoir  there  is  a  dense  growth  of  evergreen  trees  extending 
to  the  water's  edge.  Water  is  distributed  by  gravity.  Distributing 
mains  are  of  cast  iron  and  service  pipes  of  wrought  iron. 

In  addition  to  the  Great  Barrington  Water  Company,  there  are 
three  other  water  companies  in  this  town.  The  Mansfield  Lake 
Aqueduct  Company  furnishes  water  from  Mansfield  Lake  to  a  very 
few  persons,  and  at  times  supplies  water  to  the  Great  Barrington 
Water  Company.  The  Berkshire  Heights  Water  Company  con- 
structed works  in  1887  for  pumping  water  from  Green  River  in 
Great  Barrington  to  a  distributing  reservoir  to  supply  a  portion  of 
the*town.  These  works  are  not  yet  in  operation.  The  Housatonic 
Water  Company  was  chartered  to  supply  the  village  of  Housatonic, 
which  is  in  the  northern  part  of  Great  Barrington  very  near  the 
line  between  Great  Barrington  and  Stockbridge.  Water  was  intro- 
duced in  December,  1888.  The  source  of  supply  is  Long  Lake  in 
Great  Barrington.  Water  is  distributed  by  gravity.  Distributing 
mains  are  of  cast  iron ;  service  pipes  are  of  galvanized  iron. 

Chemical  Examination  of  Waierfrom  the  Storage  Reservoir  of  the  Great  Barring- 
ton Water  Company, 

[Parts  per  100,000.] 


Datk  or 

Appbasakcs. 

Rksidub  ox 
Evaporation. 

1    AXXOXIA. 

1 

6 

e 
•c 

NrritooRM 

A8 

£ 

i 

|i 

f  ■ 

«i 

^ 

I 

§1 

1 

1 

ia 

i 

s 

JR 

090    Sept.  6    SepU  6 

Very  alight. 
Very  alight. 

SUght. 
None. 

0.05 
0.05 

3.87 

5.10 

0.07 

1 
3.80 

1 
.0000  .0048 

.08 

.0100 

t                 1 
K)0   Oct.     7   Oct.  10 

0.50 

4.60 

.0012 

.0054 

1 

1 
.08    .0030      - 

1 

OOS    Oct.     7   Oct.  10 

'Sojxe, 

VeryaUght. 

0.05 

6.00 

0.70 

4.80    .0000 

] 

.0022' 

.08 

.00:0    - 

1 
IMS    Dec.   0  Dec.    8 

VeryaUght. 

s:ight, 

earthy. 

0.00 

4.05 

0.50 

4.45    .0010 

.0077 

.15 

.0180 '     - 

1310    Dec.   e  Deo.    8 

None. 

None. 

0.05 

6.40 

1.05 

4.35    .0000  .0062 

.17 

.0180 

- 

18  M. 

1535   Jan.    4   Jan.    6 

None. 

Slight. 

0.10 

8.80 

0.80 

1 

8.00 

I 
.0000 '.0069' 

.13 

.0120 

.0000 

2418  j  May  11 ,  May  15, 

VeryaUght.  Very  alight. 

0.10 

8.95   0.50 
4.70   0.67 

3.45    .0000 '.0O5O 

1 

4.03    .0003  .0053. 

.08 
.11, 

.0020  .0000 

A  J 

1 

1 

0.06  1 

.0100      - 

1 

1 

1 

1 

1 

1 

HardneM  In  May,  1888, 2.8.    Odor,  none  or  faintly  mouldy. The  aamplca  were  collected  from  a 

fkneet  In  the  Tillage  excepting  Noa.  906  and  1348,  -which  were  eoUected  from  the  reaervoir,  and  No.  908, 
which  waa  ooJieoted  from  tha  brook  where  It  enters  the  reservoir. 
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Microscopical  Examination, 

May,  1888.    1.  Blae-green  alg»,  0.0;   2.  Other  algce,  pr. ;   8.  Fungi,  0.0;    4.  Animal  forms,  pr. 
Oroapa  and  principal  genora  of  organisms  observed :    2.  Dlatomacen.    4.  Protozoa. 

Chemical  Examination  of  Water  from  Mansfield  Lake,  Great  Barrington. 

[Parts  per  100,000.] 


Dati  or 


|3 


APPBABARCS. 


Hbsidci  OV 

EVAPOftATIOV. 


i 


HiTsoonr 


009 
1847 


18 

Oct.     7 


Dec.    6 


87. 

Oct.  10 


Dec.  8 


Blight. 
Slight. 


BU't,  white. 

Consld*ble, 
earthy. 


0.10 
0.05 


12.65 
0.15 


1.80 
1.55 


10.85 
7.00 


.0009 
.0060 


.0281 
.0186 


.0030 
.0150 


Odor,  very  faintly  vegetablo. The  samples  wore  collected  from  the  lake. 

i 

Chemical  Examination  of  Water  from  Green  River  in  Great  Barrington. 

[Parts  per  100,000  ] 


Datk  or 


APPaARAHCX. 


t 

2 


RB8IDUK  OB 
EVAPOBATXOB. 


Amxovia. 


NlTBOOBK 
AS 


336 
007 
1346 


18 

Jaly  13 

Oct.    7 
Dec.    6 


87. 

July  14 

Oct.  10 
Deo.  8 


Very  slight, 
Very  slight. 
Very  slight. 


Slight. 
Slight. 
Blight. 


0.0 
0.0 
0.0 


8.07 
10.10 
8.15 


0.70 
0.80 
1.00 


7.87 
0.30 
7.15 


I 


0.0 


8.n!o.83 


7.94 


.0006 
.0000 
.0012 


.0059 
.0028 
.0083 


.0006 


,0057 


.0180 
.0260 
.0200 


.10 


.0107 


Odor,  none  or  faintly  mouldy. —The  samples  were  collected  from  the  river.    The  river  was  some- 
what swollen  by  rains  just  previous  to  the  collection  of  Nos.  336  and  1046. 


Water  Supply  of  Greentteld  Fire  District,  Greenfield. 

Description  of  Works.  — Population  in  1885,  4,869.  The  works 
are  owned  by  the  Greenfield  Fire  District.  Water  was  introduced 
in  1870.  The  average  daily  consumption  in  1888  is  estimated  to 
have  been  about  400,000  gallons.  The  source  of  supply  is  Glen 
Brook  in  Leyden,  on  which  a  storage  reservoir  is  built.  The  area  of 
the  reservoir  is  5^  acres  and  its  capacity  18,000,000  gallons.  Its 
maximum  depth  is  32  feet,  and  there  is  about  one  acre  of  shallow 
flowage.     The  drainage  area  of  about  5.36  square  miles,  estimated 
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from  the  new  topographical  map  of  Massachusetts,  is  mountainous, 
arid  contains  but  a  very  small  population.  Water  is  distributed  by 
gravity.  The  original  distributing  mains  were  very  small,  and 
were  replaced  in  1885  with  larger  ones  of  cast  iron.  The  service 
pipes  are  of  galvanized  iron. 


Chemical  ExamincUion  of  Water  from  Glen  Brook  Storage  Reservoir, 

[Part!  per  100,000.] 


DATS  or 

APPKARAHCa. 

RaSXDUB  ON 
EVAPOaATIOV. 

Ammohia. 

i 

KmooBW 

AS 

1 

1 

b3 

1 

1 

1 

^ 

1 

1 

1^ 

i 

1 

74 

18 

June  9 

97. 

June  11 

_ 

_ 

0.00 

6.40 

0.75 

4.65 

.0071 

.0046 

.16 

.0180 

„ 

274 

July    7 

July    8 

Very«llght. 

None. 

0.00 

5.06 

0.60 

4.45 

.0004 

.0057 

.16 

.0080 

- 

517 

Aug.  10 

Aug.  11 

None. 

1 

Veryslight. 

0.05 

5.75 

0.42 

5.83 

.0002 

.0054 

.16  j 

.0070 

- 

705 

Sept.  7 

Sept.  8 

'  Distinct. 

Verysllght. 

0.00 

5.40 

0.22 

5.18 

.0008 

.0041 

.12; 

.0070 

- 

899 

Oct.     6 

Oct.    7 

Very  slight. 

Sirt.earthy. 

0.10 

6.06 

0.45 

5.60 

.0000 

.0078 

.09 

.0070 

- 

1115 

Nov.    7 

Nov.   8 

None. 

None. 

0.00 

5.90 

0.70 

5.20 

.0000 

.0054 

.14 

.0020 

- 

1S4S 

Dec.    7  Dec.    8 

Very  slight. 

None. 

0.10 

5.60 

0.65 

4.95 

.0002 

.0042 

.13I 

.0050 

- 

1747 

Feb.    3 

8S. 
Feb.    4 

None. 

None. 

0.00 

5.10 

0.45 

4.65 

.0000 

.0012 

1 

.13, 

.0120 

.0000 

2158 

Apr.   8 

Apr.  4 

.811%  milky. 

None. 

0.00 

8.40 

0.40 

8.00 

.0014 

.0048' 

.07! 

.0150 

.0000 

2438 

May  le 

May  17 

SUght. 

Verysllght. 

0.00 

4.00 

0.40 

8.60 

.0000 

.0068 

.05 

.0100 

.0001 

2800 

Jaly  18 

July  19 

Very  slight. 

811%  rusty. 

0.05 

5.65 

0.50 

5.15 

.0018 

.0062 

.07 

.0120 

.0004 

S710 

Dec.  13 

Dec.  14 

None. 

Veryslight. 

0.00 

4.35 

0.25 

4.10 

.0002 

.0028 

.09 

.0150 

.0000 

Av. 

i 

0.03 

5.09 

0.48 

4.61 

.0010 

.0046 

.11 

.0090 

.0001 

II 

nardnees  in  May,  18S8,  2.6.    Odor,  generally  nonCi  seldom  vegetable  or  grassy. -—The  samples 
were  collected  from  a  faucet  in  the  village. 


Microscopical  Examination, 


1888. 


AprU. 


May. 


July. 


Deo. 


1.  Blue-green  AlgsB, 

2.  Other  Algae,     . 
8.  Fungi, 

4.  Animal  Forms, 


0.0 


pr. 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 


0.0 
0.1 
pr. 
0.2 


0.0 
0.2 
0.0 
0.0 


Oronpa  and  principal  genera  of  organisms  observed.    2.  Dlatomaceas;  Desmldlacen.    8.  Schiao- 
myoetee.   4.  Protozoa. 
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Water  Supply  of  Haverhill. — Haverhill  Aqueduct 

Company. 

Description  of  Works.  — Population  in  1885,  21,795.  The  works 
are  owned  by  the  Haverhill  Aqueduct  Company.  Water  was  in- 
troduced in  1802.  The  sources  of  supply  are  four  natural  ponds, 
known  as  Lake  Pentucket  (Round  Pond),  Lake  Saltonstall  (Plug 
Pond),  Kenoza  Lake  and  Crystal  Lake.  Water  was  introduced 
from  Lake  Pentucket  in  1802,  and  Saltonstall,  Kenoza  and  Crystal 
lakes  were  added  in  the  order  named,  Crystal  Lake  having  been 
added  since  1883.  The  areas  of  the  ponds  and  of  their  watersheds, 
inclusive  of  water  surfaces,  are  .  given  below.  The  areas  of  the 
watersheds  have  been  computed  from  the  new  topographical  map  of 
Massachusetts. 


NAME.                           • 

Area  of 
Watershed 
in  Acres. 

Area  of 

Poud 
III  Acres, 

Lake  Pentacket, •       . 

273 

221 

794 

1,919 

4(L 

Lako  Saltonfitallf 

88 

Kenoza  Lake, 

232 

Crystal  Lake,     .        .      '. 

152 

Total,   .... 

3,207 

462 

The  watersheds  are  genei-ally  hilly  and  wooded.  The  population 
on  the  borders  of  the  city  is  beginning  to  encroach  upon  a  portion 
of  the  watershed  of  Lake  Saltonstall ;  with  this  exception  the  water- 
sheds contain  very  few  inhabitants.  From  Kenoza  Lake  pumps 
force  the  water  to  an  open  iron  tank  30  feet  in  diameter  and  50  feet 
in  height.  Water  is  supplied  from  the  other  lakes  by  gravit}^ 
Water  was  at  first  supplied  through  wooden  logs.  Iron  pipes  were 
introduced  al)out  1845.  At  present  the  distributing  mains  are  of 
cast  iron  except  in  a  few  outlying  districts,  where  they  are  of 
cement-lined  wrought  iron.  Service  pipes  are  of  lead  with  the 
exception  of  a  few,  which  are  of  wrought  iron. 
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Chemical  Examination  of  Waierfrom  Crystal  Lake,  Haverhill. 

[Pans  p«r  100,000.] 


Datk  of 

APrSAEANCB. 

Kesidcb  ox 

EVArOBATION. 

Axxo:fiA.  1 

t 

NlTBOOKM 
AS 

K 

j 

P 

f 

1 

1 

I 

li 

1 

i 

i 

'A 

8 

120 

18 

Jane  15 

87. 

Jane  17 

DistlDct. 

Conaid'ble. 
brown. 

0.20 

;  3.73 

1 

1.60 

2.23 

.0022 

.0163 

.24 

'.0000 

- 

340 

July  15  July  16 

Very«Ught. 

None. 

0.30 

3.25 

1.10 

2.15 

.0002 

.0185 

.20 

.0070 

- 

GOT 

Ang.22   AQg.23 

None. 

None. 

0.10 

3.22 

0.70 

2.52 

.0008 

.0177 

.19 

.0030 

- 

802 

Sept.  16  Sept.  17 

None. 

Very«light. 

0.05 

3.25 

0.90 

2.35 

.0003 

.0178 , 

.27 

.oa» 

- 

1024 

Oct.  24   Oct.  25 

Very  Blight. 

Verysllght. 

0.25 

3.15 

0.85 

2.30 

.0005 

.0168  ' 

.23 

.0000 

- 

1225 

Nov.  18   Nov.  19 

Slight. 

Very  slight. 

0.05 

3.20 

0.80 

2.40 

.0026 

.0197 

.23 

.0000 

- 

104 

18  88. 
Jan.  19  Jan.  20 

Verysllght. 

None. 

0.10 

3.30 

1.15 

2.15 

.0008 

.0146 

.21 

.0080 

- 

2035 

Mar.  16   Mar.  IT 

VerysUght. 

Verysllght. 

0.10 

3.20 

0.80 

2.40 

.0008 

.0120 

.25 

.0050 

.0001 

2461 

May  18   May  19 

Distinct. 

VerysUght. 

0.05 
0.13 

2.70 

1.00 

1.70 

.0000 

.0009 

1 

.0150^ 
.0106 

.21 

.0030 
.0030 

.0003 

Av. 

1 

3.22 

1 

0.98 

2.24 

1 

Hardness  In  May,  1888, 1.5.    Odor,  very  faintly  vegeUble. The  samples  were  collected  from  a 

faucet  in  the  city  supplied  from  CrysUl  Lake.    At  the  time  of  collecting  No.  2461  the  water  la  the  lake 
was  very  high. 

Microscopical  ExamincUion. 

March,  1S88.  1.  Blae-green  algn,  0.0;  2.  Other  algao,  pr.;  3.  Fungi.  0.0;  4.  Animal  forms,  0.0. 
May,  1838.    1.  Blae-green  algie,  pr. ;   2.  Other  algie,  pr. ;    3.  Fungi,  0.0;   4.  Animal  forms,  pr. 

Groups  and  principal  genera  of  organisms  observed:  1.  Cyanophyceoo.  2.  ralmcllaccae ;  Dcsmid- 
laceae;  Diatomacete.    4.  Protozoa. 


Chemical  Examination  of  Water  from  Kenoza  Lake,  IlaverhilL 

[ParU  per  100,000.] 


Datk  or 

1 

Kksiduk  ov 
Evaporation. 

Ammosia. 

1 

XixnoGKN 

AS 

i 

i 
1 

I 

J 

I' 

1 

i 

1 

-3 

I 

si 

1-^ 

1 

i 

..s 

SB 
< 

i 

1 

5 

119 

18 

JooelS 

87. 
June  17 

Slight. 

Verysllght. 

0.00 

3.95 

0.97 

2.98 

.0006 

.0139 

.39 

.0000 

839 

July  IS 

July  16 

VerysUght. 

None. 

0.00 

4.20 

1.05 

8.15 

.0008 

.0178 

.36 

.0000 

- 

696  1  Aug.  22 

Aug.  23 

Slight. 

None. 

0.05 

3.63 

0.45 

3.18 

.0004 

.0131 

.80 

.0030 

- 

805 !  Sept.  16 

Sept.  17 

VerysUght. 

VerysUght. 

0.00 

8.60 

0.40 

3.15 

.0014 

.0111 

.33 

.0050 

- 

1025   Oct.  24 

Oct.  25 

Distinct. 

Verysllght, 
white. 

0.10 ' 

3.60 

0.65 

2.95 

.0002 

.0138 

.30 

.0000 

- 

1226  Nov.  18 

Nov.  19 

VerysUght. 

SUght. 

0.00 

3.95 

0.75 

3.20 

.0021 

.0176 

.« 

.0020 

- 
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Chemical  Examination  of  Water  from  Kenoza  Lake,  Haverhill  —  Concluded. 

[Parti  per  100,000.] 


Dat»  of 

Appbabavcb. 

RisiDDB  o:r 

EVAPORATIOM. 

Ammoxia. 

1 

NiTBOaBX 
AS 

1 

1 

|i 

f 

1 

1 

I 

§1 

1 

1 

1^' 

1 

» 

1635 

18 

Jan.  19 

88. 

Jan.  20 

None. 

Slight. 

0.00 

8.40 

0.60 

2.80 

.0007 

.0114 

.30 

.0060 

_ 

2033 

Mar.  18 

aJar.  17 

Very  alight. 

None. 

0.00 

4.25 

0.95 

8.80 

.0006 

.0142 

.37 

.0080 

j 

.0001 

2402 

May  18 

May  19 

Very  Blight. 

None. 

0.00 

8.70 

0.80 

2.90 

.0000 

.0138 

.35 

'.0180 

1 

.0000 

2M0 

Jane  25 

Jane  26 

- 

- 

0.00 

2.10 

0.60 

1.50 

.0000 

.0148 
.0144 

.34 

.0050 

.0000 

2882 

Aug.  2 

Aag.  8 

Very  alight. 

VerysUght. 

0.05 

8.75 

1.05 

2.70 

.0008 

.0186 
.0176 

.86 

.0000 

.0001 

8277 

SepL26 

Sept.  28 

Slight. 

VeryaUght. 

0.00 

8.46 

0.80 

2.65 

.0002 

.0162 
.0148 

.33 

'.0030 

.0000 

MIS 

Oet.  19 

Oct.  20 

Very  alight. 

Slight. 

0.00 

8.50 

0.85 

2.65 

.0000 

.0140 1 
.0116 

.33 

1.0060 

.0000 

S570 

BTov.  16 

Nov.  17 

VerysUght. 

^^t 

0.00 

3.50 

0.75 

2.75 

.0000 

.0152 
.0128 

.30 

.0050 

.0000 

3n4 
S87I 

Dec.  14 

18 

Jan.  18 

Dee.  14 

8». 

Jan.  19 

Slight. 

Decided, 
milky. 

VerysUght. 

Sllsht, 
white. 

0.03 
0.00 

8.60 
8.60 

0.85 
0.80 

2.75 
2.70 

.0006 

.0146 
.0128 

.0144 
.0124 

.34 
.83 

.0080 
.0070 

.0000 
.0001 

4007 

Feb.  22 

Fell.  23 

Slight. 

None. 

0.05 

8.70 

0.90 

2.80 

.0002 

.0118 
.0114 

.34 

.0070 

.0004 

4378 

Mar.  22 

Mar.  23 

None. 

None. 

0.10 

3.46 

0.88 

2.60 

.0006 

.0116 
.0106 

.35 

.0050 

.0000 

4647 

Apr.  19 

Apr.  20 

Very  alight. 

VerysUght. 

0.05 

8.70 

1.00 

2.70 

.0004 

.0118 

.83 

.0030 

.0000 

4803 

Jane  7 

June  8 

Very  alight. 

VerysUght. 

0.00 

8.65 

0.96 
0.74 

2.70 

.0014 

.0150 
.0182 

.34 

.0040 

.0001 

Av. 

0.02 

8.81 

8.07 

.0006 

.0142 

.84 

j.0045  .0001 

Kardnesa  in  May,  1888,  1  9.    Odor,  generaUy  none,  seldom  vegetable. The  samples  were  col- 

IfeeteAfrom  a  faucet  In  the  pumping  station  while  pumping,  with  the  exception  of  No.  2882,  which  was 
eoUaflted  from  the  lake.  Heavy  rains  occurred  Just  previous  to  the  collection  of  Nos.  596^  2462  and 
3277. 


Microscopical  ExamincUion. 


1888. 

1880. 

June. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

- 

1.  Blue-green  Algia,      ..'.... 

- 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  OtherAIgn,       ...:... 

- 

7.0 

0.1 

3.4 

6.8 

17.3 

80.5 

1.0 

2.0 

2.2 

8.  Fungi, 

- 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms 

- 

0.1 

pr. 

pr. 

0.0 

pr. 

0.0 

pr. 

pr. 

pr. 

Groups  and  principal  genera  of  organlama  observed:    1.  Oyanophyces.    2.  PalmellaoesB ;  Desmld. 
laoeie;  Diatomaoeas,  .isfertone/to,  SUphanoditcutt  Tabellaria.    4.  Protozoa;  Botifera;  Entomostnca. 
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Chemical  ExamincUion  of  Water  from  Lake  Pentucket^  Haverhill. 

[Parts  per  100,000.] 


Appkakahcs. 


Rbhidub  on 
EvAPOKATio:r. 


si 

1-^ 


Amkoxia. 


122 
842 
609 
803 
1028 
1228 

1637 
2034 
2403 

At. 


1ft' 

June  15 

July  15 
Aug.  22 
Sept.  16 
Oct.  24 
Nov.  18 

18 

Jan.  10 

Mar.  16 
May  18 


.»7. 
June  17 

July  16 

Aug.  23 

Sept.  27 

Oct.  25 

Nov.  19 

Jan.  20 
Mar.  17 
May  10 


Very  slight. 

Slight. 

Distinct. 

None. 

Very  slight. 

Verysllght. 

Very  slight. 

None. 

Slight. 


SUght. 

Verysllght. 

Consid*ble. 

Verysllght. 

Verysllght. 

Slight. 

Verysllght. 

None. 

Verysllght. 


0.05 
p.  10 
0.05 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 


3.15 
8.57 
8.72 
8.50 
8.80 
8.40 

8.60 
3.45 
3.05 


0.50 
0.07 
0.65 
0.80 
0.50 
0.60 

1.00 
1.05 
0.05 


2.65 
2.60 
8.07 
2.72 

2.80 
2.80 

2.60 
2.40 
2.10 


.0010  '.0139 
.0008 '.0184 
.0002  J. 0158 
,0008  '.0171 
0000 '.0174 
0014  .0208 


0002  .0111 
0022  .0158 


'.0174  I 


0000  .0174 


.411 


0.02 


8.42 


0.78 


2.64 


0007  .0164:1  .88 


.0000 
0030 
0070 
0000 
0020 
0020 

0100 
0070 
0050 


0001 
0001 


0040 


Hardness  in  May,  1888, 1.4.    Odor,  very  faintly  vegetable,  occasionally  none. The  samples  were 

collected  from  a  faucet  In  the  city  supplied  from  Lake  Pentucket.    Water  in  the  lake  was  very  high,  at 
the  time  of  collecting  No.  599,  on  account  of  a  heavy  rain. 

Micro3copic€U  Examindtion, 

March,  1888.    1.  Blue-green  alg»,  pr.;    2.  Other  algae,  0.0;    8.  Fungi,  0.0;   4.  Animal  forms,  0.0. 
May,  18S8.    1.  Blne-grecn  algse,  0.0;   2.  Other  algas,  0.0;   8.  Fungi,  0.0;   4.  Animal  forms,  pr. 
Groups  and  principal  genera  of  organisms  observed :    1.  Cyanophyeeas.    4.  Protozoa. 


Chemical  Exc^ination  of  Water  from  Lake  SaUonetally  Haverhill. 

[Parts  per  100,000.] 


Date  or 


AprKAMAXCK. 


Rbsiddb  on 

EVAPOaATlOX. 


si 


AMMoariA. 


121 
341 
508 
801 
1027 
1227 


18 

June  15 

July  16 
Aug.  22 
Sept.  16 
Oct.  24 
Nov.  18 


87. 

June  17 

July  16 
Aug.  28 
Sept.  17 
Oct.  26 
Nov.  19 


Very  slight, 

Slight. 

Slight. 

Verysllght. 

Slight. 

Verv  slight, 


Slight. 

None. 

None. 

Verysllght. 

Slight. 

Slight. 


0.00 
0.10 
0.10 
0.00 
0.10 
0.60 


4.92 
4.60 
8.40 
4.50 
4.40 
4.70 


0.92 
1.25 
0.62 
0.50 
0.45 
0.76 


4.00 
8.25 
2.78 
4.00 
8.95 
3.96 


.0016 
.0001 
.0004 
.0004 
.0004 
.0032 


.0123 
.0179 
.0161 
.0125 
.0144 
.0197 


,0070 
,0000 
0000 
0040 
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Chemical  Examination  of  Water  from  Lake  Salionstall^ 

Haverhill 

—  Concluded. 

Date  of 

1 

Appkaranck. 

Rksidue  oh 

EVAPOlUTIOJf. 

Amscoxia. 

i 

1  NiTBOGKS 
j            AS 

i 

1 

e 

o 

6h 

1 

H 

4 

1 

1 

< 

1      ^ 

1 

5 

1036 
2032 
2464 

IS 

Jan.  19 

Mar.  16 
May  18 

SS. 
Jan.  20 

Mar.  17 

May  19 

Verysllght. 
Very  Blight. 
Slight. 

None. 
None. 
VeryaUght. 

0.05  ' 
0.06 
0.10 

6.20 
4.70 
4.25 

0.90 
0.80 
0.75 

4.30 
3.90 
3.50 

.0014 
.0052 
.0012 

.0103 
.0134 
.0138 

.59 
.62 
.59 

.0100 
.0090 
.0090 

.0050 

.0003 
.0003 

Ay 

0.05 

4.51 

0.77 

3.74 

.0015 

.0145 

.59 

Hardness  In  May,.18SS,  1.8.    Odor,  very  faint  or  none,  occasionally  vegetable. The  samples 

were  coliectcd  from  a  faucet  in  the  city  supplied  with  water  from  Lake  Saltonstall.    At  the  time  of 
collecting  No.  598  the  water  in  the  lake  was  very  high»  on  account  of  heavy  rains. 


Microscopical  Examination, 

March,  May,  1888.    1.  Blue-green  algte,  0.0;  2.  Other  algsB,  pr. ;  8.  Fungi,  0.0;  4.  Animal  forms,  pr. 
O roups  and  principal  genera  of  organisms  observed:  2.  DesmldlacesB ;  DiatomacesD.    4.  Protozoa; 
Rotifera. 


Water  Supply  of  Hingham  and  Hull.  —  Hingham  Water 

Company. 

Description  of  Works. — Population  in  1885,  Hingham,  4,375; 
Hull,  451 ;  total,  4,826.  There  is  in  addition  a  very  large  summer 
population.  The  works  are  owned  by  the  Hingham  Water  Com- 
pany. Water  was  introduced  into  Hingham  in  1880  and  into  Hull 
in  1882.  The  average  daily  consumption  in  18o8  was  estimated  to 
be  about  500,000  gallons.  The  sources  of  supply  are  Accord  Pond 
and  Fulling  Mill  Pond.  Accord  Pond  is  a  natural  pond  133  feet 
above  mean  high  tide,  having  an  area  of  98  acres  ;  average  depth, 
20  feet;  maximum  depth,  45  feet.  Its  bottom  is  gravelly',  with 
muddy  deposits  in  the  deeper  parts.  There  are  about  4  or  5  acres 
of  shallow  flowage  in  a  part  of  the  pond  distant  from  the  outlet.  Its 
drainage  area  of  366  acres  is  generally  level  and  well  wooded ;  it  has 
some  gravel  hills  of  slight  elevation.  A  small  portion,  estimated  to 
be  about  15  acres,  is  swamp  land.  Water  is  drawn  from  Accord  Pond 
80  feet  from  the  shore  and  is  distributed  by  gravity  to  Hingham. 
Fulling  Mill  Pond  is  a  small  storage  reservoir  and  was  first  used  as 
a  source  of  water  supply  in  1886.  Its  area  is  about  14  acres  and 
its  average  depth  about  6  feet.     It  has  a  muddy  bottom  and  there  is 
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a  small  area  of  shallow  flowage.  Its  superficial  drainage  area  is 
small,  but  water  probably  enters  the  pond  from  beyond  the  gravel 
ridofes  which  surround  it.  It  is  30  feet  above  mean  hiorh  tide.  A 
crib  30  feet  square  is  built  in  the  pond  and  filled  with  stones  and 
gravel.  The  sides  are  water-tight  up  to  within  4  feet  of  high  water. 
From  the  centre  of  this  crib  and  6  feet  below  high  water  a  pipe 
leads  to  a  basin  120  feet  long,  50  feet  wide  and  10  feet  deep,  built 
of  brick  and  stone  laid  in  cement.  From  this  basin  pumps  force  the 
water  to  a  covered  tank  40  feet  in  diameter  and  42  feet  high. 
Fulling  Mill  Pond  is  used  mainly  to  supply  Hull,  but  water  from 
Accord  Pond  can  be  drawn  into  the  basin  and  used  for  the  same 
purpose.  Fulling  Mill  Pond  is  not  used  in  winter  and  is  generally 
drawn  off  in  the  fall  and  the  bottom  is  cleaned.  Distributing  mains 
are  of  wrought  iron  lined  with  cement.  Service  pipes  are  of  wrought 
iron  lined  with  cement  and  of  galvanized  iron. 

The  water  in  Accord  Pond  has  occasionally  a  bad  taste  and  odor 
in  the  early  summer,  usually  between  June  1  and  20.  It  was  found 
in  one  case  that  the  water  from  near  the  surface  caused  no  com- 
plaint, while  the  water  drawn  from  several  feet  beneath  the  surface 
was  objectionable. 


Chemiccd  Examination  of  Water  from  Accord  P&nd,  ERngKam. 

[Parts  per  100,000.] 


DATS  OF 

Appbabakcb. 

Rkbidub  on 

EVAPOBATIOX. 

Ammonia. 

J 

NlTROOJCN 
AS 

1 

j 

§1 

a-- 

H 

r 

1 

H 

§1 

1 

i 

1 
1  a 

S 

18 

30;  Jane  2 

8T. 
Jane  3 

Slight. 

None. 

0.30 

8.42 

1.62 

1.90 

.0026 

.0126 

.49 

.0000 

„ 

268  Jaly    6 

1 

July    7 

Veryilight. 

Conald'ble, 
brown. 

0.20 

3.40 

0.05 

2.45 

.0002 

.0135 

.55 

.0070 

- 

I 
476  Aug.  3 

Ang.  6 

Veryslight. 

None. 

0.80 

3.15 

1.22 

1.93 

.0000 

.0136 

.48 

.0030 

- 

m 

Sept.  5 

Sept.  7 

Verysllght. 

None. 

0.15 

2.05 

0.72 

2.23 

.0003 

.0145 

.55 

.0100 

- 

877 

Oct.    3 

Oct.    4 

None. 

None. 

0.10 

2.95 

0.75 

2.20 

.0002 

.0112 

.58 

.0030 

- 

1108 

Nov.   4 

>rov.   6 

Veryilight. 

Slight. 

0.20 

4.00 

1.00 

8.80 

.0004 

.0120 

.59 

.0070 

- 

1337 

Dec.    6 

Dec.    7 

Verysllght. 

Verysllght. 

0.10 

3.20 

1.05 

2.15 

.0000 

.0156 

.58 

.0000 

- 

1M2 

18 

Jan.    6 

Jan.    7 

Slight. 

None. 

0.30 

3.25 

0.95 

2.30 

.0000 

.0136 

.63 

.0050 

.0000 

1957 

Mar.   6 

Mar.   7 

Veryslight. 

Veryslight. 

0.10 

3.05 

0.80 

2.25 

.0000 

.0153 

.56' 

.0050 

.0000 

2211 

Apr.  13 

Apr.  14 

Very  alight. 

Slight. 

0.30 

3.00 

1.00 

2.00 

.0004 

.0180 

.65 

.0030 

.0002 

2361 

May    4 

May    6 

Blight. 

Veryslight. 

0.20 

2.80 

1.05 

1.75 

.0000 

.0148 

.56 

.0020 

■ 

.0001 
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Chemical  Examination  of  Water  from  Accord  Pond — Concluded. 


Date  of 

1                              ■- 

Appkabakcb. 

EVAPOSATIUN. 

Amxoxia. 

i 

KiTBOGsar 

▲8 

1 

r 

f 

«i 

1 

1 

1 

1 

|5 

g 

i 

2650 

IS 

Jnne  21 

88. 
June  22 

Very  Blight. 

Slight. 

0.25 

2.60 

1.05 

1.55 

.0000 

.0142 
.0122 

.68 

.0020 

.0001 

2748 

July   0 

July  10 

Very  alight. 

VeryBlight. 

0.20 

2.95 

1.05 

1.90 

.0004 

.0174 
.0158 

.68 

.0090 

.0000 

2B15 

Aug.  10 

Aug.  13 

Slight. 

Slight. 

0.10 

2.90 

0.85 

2.05 

.0000 

.0162 
.0158 

.69 

.0050 

.0000 

8342 

Oct.    0 

Oct.  11 

Very  Blight. 

VeryBllght. 

0.15 

2.95 

1.10 

1.85 

.0000 

.0156 
.0134 

.66 

.0060 

.0001 

8531 

Nov.  12 

Nov.  13 

Very  Blight. 

VeryBUght. 

0.30 

2.80 

1.05 

1.75 

.0000 

.0174 
.0168 

.52 

.0080 

.0002 

8778 
8846 

Dec.  20 

18 

Jan.  15 

Dec.  21 

89. 

Jan;  15 

Very  Blight. 
VeryBllght. 

VeryBllght. 
VeryBllght. 

0.30 
0.40 

3.05 
3.15 

0.85 
1.00 

2.20 
2.15 

.0006 
.0000 

.0186 
.0144 

.0124 
.0116 

.55 

.67 

.0070 
.0030 

.0001 
.0004 

4000 

Feb.  12 

Feb.  12 

VeryBlight. 

VeryBlight. 

0.40 

3.25 

1.25 

'2.00 

.0000 

.0140 
.0122 

.59 

.0030 

.0002 

4277 

Mar.  12 

Mar.  12 

VeryBllght. 

None. 

0.30 

2.95 

0.85 

2.10 

.0002 

.0116 
.0090 

.63 

.0050 

.0002 

4477 

Apr.   0 

Apr.   9 

VeryBllght. 

Slight. 

0.80 

3.05 

1.00 

2.05 

.0004 

.01« 
.0108 

.51 

.0040 

.0003 

4636 

May  10 

May  10 

VeryBllght. 

Slight. 

0.30 

9.25 

0.95 

2.30 

.0002 

.0180 
.0114 

.52 
.55 

.0040 

.0002 

Av. 

0.24 

3.25 

1.00 

2.25 

.0003 

.0144 

.0043 

.0001 

nardnesB  in  May,  1888,  0.9.    Odor,  very  faintly  vegetable  or  graBsy,  Beldom  dlBagreeable. The 

aamplcs  were  collected  from  the  pond  near  the  gate-house,  with  the  exception  of  Nob.  1108,  3846,  4009, 
4277, 4477  and  4636,  which  were  collected  from  a  faucet  In  the  village.  The  samplea  collected  at  the  pond 
were  taken  from  depths  varying  from  6  inches  to  6  feet  beneath  the  surface.  The  Burface  of  Accord 
Pond  was  0.3S  feet  below  the  crest  of  the  wasteway  in  June,  1887.  From  this  time  it  lowered  gradually 
until  December,  18S7,  when  It  waa  2.70  feet  below  the  crest.  In  April,  1888,  and  again  in  December, 
1888,  the  pond  waa  full;  while  between  these  datea,  in  AuguBt,  ItB  surface  was  2.44  feet  below  the  crest. 
From  January  to  May,  1880,  the  surface  was  at  or  near  the  level  of  the  crest. 

Microscopical  Examination. 


1888. 

1889. 

June. 

July. 

Aag. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue- green  Alg», 

0.0 

0.0 

pr. 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algie, 

0.3 

0.9 

0.4 

pr. 

0.0 

pr. 

0.1 

0.2 

18.0 

8.0 

0.2 

8.  Fungi 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms, 

30.1 

6.0 

0.5 

0.0 

0.0 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

Groups  and  principal  genera  of  organisms  observed:  1.  Cyanophyoese.  2.  Palmellaoe» ;  Zoo> 
sporees;  Desmidlacess ;  Diatomaoeas,  AtteHoneUa.  4.  Protozoa*  Dinoibryon;  Spongiaria;  Botlfera; 
SntomoBtraoa. 
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Chemical  Examination  of  Water  from  Fulling  Mill  Pond,  Eingham. 

CPuta  per  100,000.] 


DATS  OV 

Rksiddb  ok 
Evaporation. 

Ajcmowia. 

j 

Nitrogen 

AS 

K 

j 

l' 

, 

^ 

1 

1 

§1 
1- 

1 

1 

1^ 

1 

1 

SI 

18 

June  2 

87. 

Jane   8 

Very  slight. 

None. 

0.70 

6.70 

2.62 

8.18 

.0086 

.0158 

.59 

1 
j.OOOO 

_ 

265 

Jnly    6 

July    7 

Decided. 

Slight, 
rusty. 

0.40 

6.80 

1.25 

4.55 

.0024 

.0281 

.72 

.0030 

- 

475 

Aug.  3 

Aug.   6 

Slight. 

None. 

0.50 

6.55 

1.18 

4.87 

.0031 

.0240 

.57 

.0030 

- 

0»5 

8«pt.  5 

Sept.  7 

VerysUght. 

SUght, 
earthy. 

0.15 

4.80 

0.65 

4.15 

.0077 

.0178 

.72 

j.OlSO 

- 

878 
2390 

Oct.    3 

18 

May    9 

Oct.     4 

88. 
May  10 

Distinct. 

Decided. 

1 

Sll't,  earthy 
and  floo't. 

Slight, 
green. 

0.08 
0.85 

4.65 
6.45 

0.75 
1.45 

3.90 
4.00 

.0127 
.0000 

.0174 
.0876 

.75 
.68 

.0160 
.0030 

.0002 

2051 

June  21 

June  22 

Dtotlnct. 

Considera. 
ble,  white. 

0.40 

5.15 

1.45 

3.70 

.0002 

.0422 
.0280 

.67 

.0020 

.0002 

2T47 

July    9 

July  10 

Decided. 

Heavy, 
green. 

0.20 

5.20 

1.75 

3.46 

.0004 

.0470 
.0286 

.71 

.0030 

.0000 

2016 

Aug.  10 

Aug.  13 

Decided. 

Considera. 
hie,  green. 

0.15 

5.30 

1.15 

4.15 

.0000 

.0406 
.0178 

.72 

.0020 

.0001 

8341 

Oct.     9 

Oct.  11 

Decided. 

Considera. 
ble,  green. 

0.45 

5.20 

1.60 

3.60 

.0002 

.0336 
.0148 

.64 

.0070 

.0002 

3530 

Nov.  12 

Nov.  13 

Slight. 

Slight. 

0.40 

5.20 

1.80 

3.60 

.0030 

.0200 

.0164 

.63 

.0120 

.0002 

877» 

Dec.  20 

Dec.  21 

VerysUght. 

VerysUght. 

0.60 

4.85 

1.30 

3.55 

.0000 
.0028 

.0148 
.0142 

.0282 

.73 

.68 

.0180 
.0068 

.0002 

Av. 

0.86 

5.88 

1.80 

4.03 

.0002 

Hardness  in  June,  1887, 2.1 ;  in  May,  1888, 1 .8.    Odor,  faintly  vegeUble,  grassy,  and  mouldy. The 

samples  were  collected  from  Fulling  Mill  Pond,  at  depths  varying  from  a  few  inches  to  two  foet 
beneath  the  surface. 


Microscopical  Examination. 


1888. 

June. 

July. 

Aug. 

Oct. 

Nov. 

Dec. 

1.  Blue-green  Algao, 

0.0 

0.0 

0.0 

- 

0.0 

0.0 

2.  Other  AlgSB, 

50.2 

51.8 

835.3 

- 

0.1 

0.9 

8.  Fongi, 

0.0 

0.0 

0.0 

- 

0.0 

0.0. 

4.  Animal  Forms, 

pr. 

pr. 

0.2 

- 

pr. 

0.4 

Groups  and  principal  genera  of  organisms  observed :  2.  PalmellaceaQ ;  Zoosporeas,  Polyedrium, 
Seenedesmu$;  DesmldlaoesB,  Staurattrwn;  Dlatomaceas,  Synedra;  Volvocineas.  4.  Protosoa,  Botif. 
•ra,  Entomostraca. 
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Water  Supply  of  Hixsdale  Fire  District,  Hinsdale. 

Description  of  Works.  — The  population  of  the  town  of  Hinsdale 
in  1885  was  1656.  The  works  are  owned  by  the  Fire  District  and 
were  constructed  in  1889.  About  200  families  are  supplied.  The 
source  of  supply  is  a  storage  reservoir  on  a  small  mountain  stream. 
The  area  of  the  storage  reservoir  is  about  9  acres  and  its  total 
capacity  is  35,000,000  gallons.  Its  maximum  depth  is  21  feet. 
The  bottom  is  turf  and  loam  overlying  rock  and  hard  pan.  Water 
is  distributed  by  gravity.  Distributing  mains  are  of  cast  iron; 
service  pipes  are  of  galvanized  iron. 

Cliemical  Examination  of  Water  from  the  Proposed  Water  Supply  of  Hinsdale. 

[Parta  per  100,000.] 


Date  or 

Appkaravcs. 

Rksidui  oh 

EVAPUKATIOM. 

Amxokia. 

j 

NlTBOCBV 
AS 

5 

j 

|i 

f 

i 

1 

1 

4 

i 

1 

i^ 

s 

8982    Feb.    6 

80. 

Feb.    7 

None. 

Blight. 

0.00 

t.TO 

0.4S 

..25 

.0006 

.0040  1    .05 
.0040' 

i 

.0100  .0000 

1 

Hardoeaa,  0.5.    Odor,  none. The  aample  was  collected  from  a  brook  one  mile  west  of  ninadale 

village.    The  etorago  rcserroir  of  the  Hinsdale  Fire  District  has  been  bailt  upon  this  brook. 

Microscopical  Examination. 

February,  1SS3.    1.  Blue-green  algie,  0.0;   2.  Other  algsB,  0.7;  3.  Fungi,  0.0;  4.  Animal  forma,  0.0. 
Groups  and  principal  genera  of  organisms  observed :    2.  Dlatomacen. 


Water  Supply  of  Holbrook. 
This  town  is  supplied  jointly  with  Randolph.     See  Randolph. 


Water  Supply  of  Holyoke. 

Description    of   TTor^s.  —  Population    in    1885,    27,895.      The 

*  works   are   owned   by   the  city.     Water  was  introduced  in  1873. 

The  estimated  average  daily  consumption   in  1888  was  2,381,000 

gallons.     The  original  sources  of  supply  were  Ashley  and  Wright 
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ponds.  Tannery  and  Whiting  Street  brooks  have  since  been  added. 
The  ponds  are  natural  and  at  the  same  level,  and  are  divided 
from  each  other  only  by  a  road.  Free  communication  between 
them  is  established  by  a  culvert.  The  gate-house  for  drawing  water 
from  both  ponds  is  located  at  Wright  Pond.  Ashley  Pond  has  an 
area  of  185  acres  and  a  maximum  depth  of  25  feet,  of  which  12  to 
13  feet  of  water  can  be  drawn  off.  Wright  Pond  has  an  area  of  45 
acres.  Both  ponds  have  muddy  bottoms  and  swamps  on  their 
borders.  A  small  storage  reservoir  was  built  in  1883  on  Bray 
Brook,  which  flows  into  Wright  Pond.  This  reservoir  has  an  area 
of  20  acres  and  a  capacity  of  70,000,000  gallons.  ^ 

Tannery  Brook  was  added  in  1881  by  building  a  small  dam 
across  it  and  diverting  its  water  through  a  ten-inch  pipe  into  the 
main  pipe  leading  from  the  ponds  to  the  city. 

Whiting  Street  Brook  was  added  in  1884  by  building  a  dam 
which  flows  an  area  of  about  one  acre,  and  by  laying  a  pipe  to  con- 
nect the  reservoir  thus  formed  with  the  pipe  system  already  in  use. 
The  dam  at  Whiting  Street  Brook  is  between  30  and  40  feet  above 
the  level  of  the  surface  of  Wright  Pond,  so  that  when  water  is  sup- 
plied from  the  brook  in  excess  of  the  amount  consumed  in  the  city 
it  may  flow  back  into  the  pond  through  the  pipe  leading  from  it. 
A  dam  is  now  being  built  on  the  brook  to  flow  114  acres  to  an 
average  depth  of  about  16  feet.  The  dam  is  25  feet  high  at  the 
highest  point,  with  overflow  20  feet  high.  The  greater  portion  of 
the  bottom  of  the  new  reservoir  was  formerly  a  meadow,  some 
portions  of  which  were  swampy. 

The  watersheds  of  all  of  the  sources  are  generally  hilly  and  rough, 
being  mostly  pasture  and  woodland,  though  some  portions  are  culti- 
vated.    The  population  on  the  watersheds  is  small. 

The  area  of  the  combined  watersheds  of  the  ponds  and  Tannery 
Brook  is  1,726  acres;  of  Whiting  Street  Brook  857  acres.  Total 
area  of  watersheds  supplying  the  city,  2,583  acres.  Water  is  dis- 
tributed through  cast-iron  mains  and  enameled  wrought-iron  service 
pipes. 

In  the  autumn  and  winter  of  1875  and  1876  the  water  of  Ashley 
and  Wright  ponds  was  affected  by  a  very  disagreeable,  fishy 
taste  and  odor.  A  similar  condition  of  the  water  has,  been  noticed 
several  times  since  1876,  but  since  1881  there  has  been  no  isecur- 
rence  of  the  trouble. 
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Chemical  Examination  of  Water  from  Tannery  Brook,  Solyoke. 

CPaiti  pw  100,000.] 


Datb  or 

Appbakaxcb. 

Rbsiditb  oh      I 

EVAFOIATIOX.      1 

AXXOKIA. 

1 

NlTBOOO 
AS 

1 

j 

li 

f 

1 

i 

1 

i 

1 

1 

1^ 

S 

108 

18 

Jane  24 

87. 

June  25 

Slight. 

Coniidera. 
bia. 

i.ao 

8.35 

3.22 

6.13 

1 

.0078 

.0822 

1 

.15 

.01ft 

- 

401 

July  25 

Jaly  26 

Very  slight 

Very  Blight, 
earthy. 

0.70 

8.85 

1.65 

6.70 

.0040 

.0229 

.13 

.0130 

- 

624 

Aag.2S 

Aug.  27 

Nope. 

None^ 

0.70 

8.10 

1.15 

1 

.0016 

.0210 

1 

.07 

.0070 

- 

622 

Sept.  20 

Sept.  21 

None. 

Slight. 

0.00 

7.90 

0.60 

7.40    .0004 

.om\ 

.09 

.0090 

- 

1041 

Oct.  25 

Oct.  26 

None. 

Sli't.  earthy 
and  floc*t. 

0.00 

8.05 

0.75 

7.30  I.OOIO 

.0056 

.11 

.0300 

- 

1266 

Nov.  28 

Nov.  29 

Slight. 

Slight. 

1.10 

8.25 

2.40 

6.85    .0014 

.0270 

.10 

.0080 

- 

1606 

Deo.  27 

Dec.  31 

Slight. 

M*ch.earthy 
and  tloc't. 

Veryelight. 

0.20 

8.70 

1.05 

7..  65 

.0046 

.0189 

.18 

.0080 

.0001 

1685 

18 

Jan.  25 

88. 
Jan.  26 

Blight. 

0.05 

8.25 

0.80 

7.45 

.0010 

1 

.0146 

.13 

.0100 

.0001 

1805 

Feb.  27   Feb.  28 

DlsUnct. 

Veryaiight. 

0.60 

6.55 

1.35 

5.20 

,.0028 

.0202 

.12 

.0090 

.0000 

2008 

Mar.  26 

Mar.  27 

VeryaUght. 

VeryaUght. 

0.40 

6.45 

0.55 

5.90 

.0010 

.0118 

.11 

.0070 

.0002 

2315 

Apr.  25 

Apr.  27 

Slight. 

None. 

0.20 

6.25 

0.85 

5.40 

.0016 

.0092 

.10 

.0040 

.0002 

2511 

May  24 

May  25 

Slight. 

VeryBllght 

0.26 

6.85 

0.85 

6.00    .0022 

.0124 

.08 

.0040 

.0002 

2669 

June  24 

June  27 

Slight. 

Conrtdera. 
ble. 

1.60 

6.75 

2.85 

.0086 
S.9.| 

.0320 

.12 

.(•090 

.0002 

Av. 

1 

0.53 

7.61 

1.08 

6.53    .Oft2Q 

.0203 

.11 

.0096 

.0001 

1 

. 

Hardness  in  May,  1888,  4.0.    Odor,  faintly  vegetable,  occasionally  none. The  samples  were 

collected  from  Tannery  Brook  at  the  gatehouse,  at  the  surface  of  the  water,  with  the  exception  of 
No.  624,  which  was  collected  inside  the  gate-house  at  about  three  feet  beneath  the  surface.  Heavy  rains 
occurred  Just  previous  to  the  collection  of  Nos.  108, 401,  624  and  2669. 


Microscopical  ExamiruUion. 


April. 


May. 


June. 


1.  Blue-green  Algn,    ' . 

2.  Other  AlgsB,      . 
8.  Fungi, 

4.  Animal  Forms, 


0.0 
pr. 
0.0 
0.0 


0.0 
pr. 
0.0 
0.0 


0.0 
pr. 
0.0 
0.0 


0.0 
0.1 
9.0 
pr. 


Groups  and  principal  genera  of  organisms  observed :    2.  Palmellaceoe;  Desmldiaceas;  Dlatomaoea». 
8.  Schlzomycetes,  Crenothrix.    4.  Protozoa. 
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Chemtcal  Examination  of  Water  from  Whiting  Street  Brook,  Holyoke. 

[Parta  per  100.000.] 


Datb  ov 

Appkuulvck. 

Rbsidukon    ' 

EVAPOKATIOK. 

AUXOKIA. 

i 

NiTROGBX 
AS 

1 

1 

0 

1 

1 

1 

i 

i 

i 

1 

< 

1 

g 

200 

18  87. 

Jane  24  Jane  25 

Very  slight. 

Blight. 

_ 

8.22 

2.95 

6.S7 

.0035 

.0365 

.10 

.0260 

_ 

400 

Jaly25   July  26 

None. 

VerysUght. 

0.90 

6.70 

2.05 

4.65 

.0053 

.0856 

.14 

.0190 

- 

026 

Aug.  25 

Aug.  27 

Very  Blight. 

None. 

0.90 

7.40 

1.27 

6.13 

.0023 

.0222 

.14 

.0070 

- 

823 

Sept.  20 

Sept.  21 

Diatlnct. 

VerysUght. 

0.15 

9.00 

0.65 

8.85 

.0017 

.0090 

.09 

.0000 

- 

1042 

Oct.  25 

Oct.  26 

Veryelight. 

VerysUght. 

0.30 

9.05 

0.46 

8.60 

.0018 

.0120 

.14 

.0020 

- 

12C7 

Nov.  28 

Nov.  29 

Veryelight. 

SUght. 

0.30 

7.40 

1.45 

5.95 

.0009 

.0159 

.16 

.0250 

- 

1507 
16M 

Dee.  27 

18 

Jan.  26 

Dec.  31 

88. 

Jan.  26 

Very  Blight. 
Slight. 

SU't,  earthy 
and  floG't. 

VerysUght. 

0.30 
0.20 

7.45 
7.95 

1.25 
1.20 

6.20 
6.75 

.0012 
.0016 

.0118 
.0104 

.14 
.09 

.0090 
.0150 

.0000 
.0001 

1896 

Feb.  27 

Feb.  28 

SUght. 

SUght. 

0.20 

5.15 

1.10 

4.05 

.0008 

.0180 

.11 

.0150 

.0000 

2100 

Mar.  26 

Mar.  27 

Slight. 

SUght, 
earthy. 

0.15 

6.05 

0.65 

6.40 

.0023 

.0268 

.13 

.0100 

.0002 

2316 

Apr.  25 

Apr.  27 

Slight. 

VerysUght. 

0.25 

5.50 

1.05 

4.45 

.0000 

.0096 

.08 

.0020 

.0001 

2512 

May  24 

May  25 

Slight. 

Considera- 
ble, brown. 

0.86 

6.75 
6.20 

1.15 
1.00 

6.60 
6.20 

.0000 

.0148 
.0118 

.08 

.0040 

.0002 

2822 

July  23 

July  24 

Slight. 

VerysUght, 
earthy. 

0.40 

8.00 

0.90 

7.10 

.0010 

.0186 
.0160 

.11 

.0040 

.0001 

2990 

Aug.  20 

Aug.  21 

Slight. 

VerysUght. 

0.20 

8.60 

1.70 

6.80 

.0024 

.0222 
.0172 

.11 

.0030 

.0003 

8252 

Sept.  24 

Sept.  25 

Very  Blight. 

VerysUght^ 

0.40 

7.16 

2.06 

6.10 

.0008 

.0336 
.0304 

.10 

.0150 

.0002 

8426 

Oct.  22 

Oct.  28 

Slight. 

VerysUght. 

0.45 

6.76 

2.00 

4.75 

.0010 

.0218 
.0216 

.11 

.0060 

.0002 

3801 

Nov.  23 

Nev.24 

None. 

SUght. 

0.20 

6.60 

1.20 

5.40 

.0000 

.0122 
.0112 

.11 

.0100 

.0002 

8745 
8884 

Dee.  18 

18 

Jan.  21 

Deo.  19 

89. 

Jan.  22 

DiaUact. 
SUght. 

VerysUght. 
VerysUght. 

0.00 
0.00 

4.50 
4.70 

0.40 
0.55 

4.10 
4.16 

.0004 
.0004 

.0130 
.0108 

.0144 
.0074 

.11 
.13 

.0050 
.0080 

.0000 
.0001 

4120 

Feb.  25 

Feb.  26 

Distinct. 

H'vy,e*rthy 
and  floc*t. 

0.03 

7.05 

0.75 

6.80 

.0002 

.0112 
.0032 

.10 

.0060 

.0001 

4302 

Mar.  25 

Mar.  26 

Very  Blight. 

Considera- 
ble, earthy. 

0.20 

6.10 

1.00 

5.10 

.0004 

.0122 
.0094 

.09 

.0050 

.0001 

4550 

Apr.  22 

Apr.  23 

VerysUght. 

Considera- 
ble, earthy. 

0.15 

7.40 

1.80 

8.10 

.0002 

.0120 
.0104 

.09 

.0050 

.0000 

4703 

May  20 

May  21 

SUght. 

SUght. 

0.80 

8.85 

1.50 

6.85 

.0018 

.0170 
.0158 

.12 

.0080 
.0089 

.0002 

At. 

0.29 

7.22 

1.27 

6.95 

.0013 

.0179 

.11 

.0001 

Hardneesin  May,  1888,8.6.    Odor,  very  faint  or  none,  seldom  vegetable. The  samples  were 

eoUeeted  from  the  brook  at  the  gate>hoaBe,  at  the  surface  of  the  water,  with  the  exception  of  Nos.  200 
and  626,  which  were  collected  five  feet  and  two  feet,  respectively,  below  the  surface.  There  were  heavy 
rains  just  prevloos  to  the  eoUeeUon  of  Nos.  200, 400  and  626. 
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[Dec. 


Microscopical  Examination. 


1888. 

1889. 

July.  Aug.  Sept. 

Oct.   Nov. 

Dec. 

1  Jan. 

Feb. 

Mnr.|Apr.'M«y. 

1.    Blue-green  Algae 

0.0 

0.0 

0.0 

0.0     0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

2.    Other  Algte, 

1.0 

0.7 

pr. 

0.2 

0.2 

2.1 

0.7 

1.4 

1.5 

2.9 

20.4 

3.    Fangl, 

pr. 

0.4 

0.0 

0.1 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

20.0 

4.    Animal  Forms, 

pr. 

0.4 

pr. 

0.0 

0.0 

pr. 

0.2 

2.0 

0.0 

0.0 

0.0 

Groups  and  principal  genera  of  organisms  observed:  1.  Cyanophycen.  2.  Palmellaceae ;  Zoo- 
sporcae,  Scenedetnius ;  Desraidlaccas ;  Diatomaccao,  Fragillariat  StephanadiKWit  Sjfnedra.  3.  Bchizo- 
mycetes,  Crenothrix,    4.  Protozoa,  Z>im>6fyon ;  Bponglaria;  Rotlfera;  Bryozoa;  Entomostraca. 


Chemical  Examination  of  Water  from  Wright  and  Ashley  Ponds,  Holyoke, 

[Parts  per  100,000.] 


Datk  ov 

Residub  ox 

KVAPOXATIOX. 

AmoxnA. 

1 

NITBOOBX 
AS 

1 

1 

5 

\ 

j 

I 

It 

1 

1 

i 

1 

^ 

109 

18 

June  21 

87. 
June  25 

Slight. 

SUght. 

0.00 

6.05 

1.05 

4.00 

.0022 

.0142 

.17 

.0000 

^ 

393 

July  25 

July  26 

VerysUght. 

VerysUght, 
earthy. 

0.00 

4.67 

0.65 

4.02 

.0018 

.0163 

.14 

.0000 

1 

- 

•25    Aug.2o 

Aug.  27 

DlsUnct. 

None. 

0.10 

6.12 

0.72 

4.40 

.0014 

.0177 

.10 

.0030 

- 

824    Sept.  20 

Sept.  21 

Slight. 

SUght. 

0.08 

5.55 

0.95 

4.60 

.0001 

.0164 

.09 

.0000 

- 

1043 

Oct.  25 

Oct.  26. 

Slight. 

Slight. 

0.20 

•5.50 

0.85 

4.65 

.00,V2 

.0277 

.11 

.0000 

- 

1268 

Nov.  28 

Nov.  29 

Slight. 

SUght. 

0.10 

5.25 

0.95 

4.30 

.0025 

.0170 

.13 

.0050 

- 

1608 
1687 

Dec.  27 

18 

Jan.  25 

Dec.  31 

88. 
Jun.  26 

Slight. 
Slight. 

Con. .earthy 
and  floc't 

VerysUght. 

0.10 
0.00 

5.60 
6.45 

1.05 
0.85 

4.55 
4.60 

.0069 
.0043 

.0323 
.0136 

.14- 
.11 

;.0030 
.0100 

.0001 
.0000 

1894 

Feb.  27 

Feb.  28 

Slight. 

VerysUght. 

0.10 

6.25 

0.70 

4.55 

.0037 

.0223 

.15 

.0080 

.0001 

2099 

Mar.  26 

Mar.  27 

Slight. 

SU?ht, 
white. 

0.10 

6.16 

0.60 

4.55 

.0019 

.0209 

.14 

.0060 

.0000 

2317 

Apr.  25 

Apr.  27 

DUtlnct. 

Slight. 

0.10 

4.75 

0.70 

4.05 

.0014 

.0134 

.11 

.0040 

.0003 

2510 

May  24 

May  25 

Distinct. 

VerysUght. 

0.10 

4.85 

0.75 

4.10 

.0004 

.0124 

.11 

.0030 

.0000 

2670 

Juno  24 

June  27 

VerysUght. 

VerysUght. 

0.00 

4.76 

0.65 

4.10 

.0032 

.0162 
.0130 

.12 

.0050 

1 

.0000 

2823 

July  23 

July  24 

Slight. 

Slight, 
green. 

0.00 

4.70 

1.00 

8.70 

.0020 

.0186 
.0156 

.09 

.0060 

.0001 

2998 

Aug.  20 

Aug.  21 

VerysUght. 

VerysUght. 

0.00 

5.25 

1.45 

3.80 

.0022 

.0312 
.0228 

.18 

.0020 

.0001 

a42A 

Oct.  22 

Oct.  23 

SUght. 

VeryeUght. 

0.05 

4.95 

0.95 

4.00 

.0064 

.0176 
.0114 

.U 

.0030 

.0000 

8602 

Nov.  23 

Nov.  24 

Distinct. 

SUght. 

0.00 

5.15 

0.85 

4.30 

.0006 

.0190 
.0162 

.11 

.0070 

.0003 

3744 

Dec.  18 

Dec.  19 

SUght. 

Consid'ble, 
earthy. 

0.20 

2.70 

0.55 

2.15 

.0000 

.0110 
.0086 

.10 

.0050 

.0000 
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Chemical  Examincttion  of  Water  from  Wright  and  Ashley  Ponds — Concluded. 


•      Dati  of 

Residue  ox 

EVAPORATIOH. 

Ammonia. 

1 

NiTROGKJI 
AS 

£ 

1 

i 

j 

1 

1 

1-^ 

1 

< 

it 
'A 

;?, 

8383 

4119 
4393 
4d51 
4702 

IS 

Jan.  21 

Feb.  25 
Mar.  23 
Apr.  22 
May  20 

89. 

Jan.  22 

Feb.  26 
Mar.  26 
Apr.  23 
May  21 

Very  Blight. 
Slight. 
Very  Blight. 
Very  Blight. 
Veryalight 

Con.,  fibr'B 
and  black. 

Slight. 
Very  Blight. 
Slight. 
Slight. 

0.15 
0.00 
0.00 
0.00 
0.00 

5.90 
6.50 
4.85 
4.85 
4.95 

0.46 
0.85 
0.70 
0.80 
0.90 
0.82 

5.46 
5.65 
8.95 
4.05 
4.05 

.0002 
.0002 
.0010 
.0020 
.0026 

.0106 
.0042 

.0216 
.0160 

.0172 
.0142 

.0184 
.0156 

.0166 
.0126 

.11 
.13 
.13 
.13 
.12 

.12 

.0200 
.0030 
.0020 
.0030 
.0020 

.0043 

.0000 
.0001 
.0000 
.0000 
.0000 

At, 

0.06 

5.18 

4.36 

.00-23 

.0184 

.0001 

1 1 

HardDeas  in  May,  1888, 1.8.  Odor,  very  faint  or  none,  occa«ionally  vegetable,  seMom  mouldy.  ^^ 
The  aamplca  were  collected  from  Wright  Pond,  with  the  exception  of  Nob.  S99,  1894,  3425  and  3744, 
which  were  collected  from  Ashley  Pond.  All  samplee  were  collected  near  the  sarface.  Heavy  rains 
occnrred  Jast  previous  to  the  collection  of  Noe.  199,  809  and  625.  The  rain  of  July  23  and  24,  1887, 
raised  the  pond  3  inches  in  43  hoars. 


Microscopical  Examincttion. 


1888. 

1880. 

Jane. 

July. 

Aug. 

Oct. 

Nov.:  Dec. 

Jan< 

Feb.  Mar. 

Apr.  1  May. 

1.  Bluegr«eii  Algas 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0     0.0 

1 

0.0 

2.  OtherA]s»i 

0.8 

0.3 

pr. 

4.2 

28.6 

0.1 

0.1 

1.5 

0.3 

0.6 

2.0 

8.  Fungi, 

0.0 

pr. 

0.0 

pr. 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

4.  Animal  Forms, 

0.3 

0.0 

pr. 

0.1 

0.8 

0.0 

0.1 

8.4 

0.8 

0.3 

1.1 

Groups  and  principal  genera  of  organisms  observed:  1.  Cyanophyceie.  2.  Palmeliacea);  Zoo- 
■poresB;  DeamldlacesB;  Diatoroacess,  Melovira^  Synedra,  8.  Schizomycetes.  4.  Protozoa,  Dinobryon; 
Sppngiaria;  Hydrozoa;  Rotlfera;  Entomostraca. 


Chemical  ExaminaOon  of  Water  from  a  Faucet  in  the  City  of  Holyoke  supplied 
fr&m  the  Holyoke  Water  Works. 

[Parts  per  100,000.} 


201 
897 


Datk  of 


Appeabakcb. 


i 


Residue  oh 
£VAi*oaATiu2r. 


OS 


AMiionA. 


NlTROOBN 
AS 


Juno  24 
July  25 


18  87. 

June 25 


614   Aug.  25 

, 


July  26 


Aug.  20 


Decided. 
Kone. 

Slight. 


Consid'ble. 

Consid'ble, 
earthy. 

Veryalight. 


1.70 
0.70 


7.00 
8.97 

7.37 


2.40 
2.75 

1.60 


4.60 
6.22 

5.77 


.0010 
.0017 

.0007 


.0496 
.0258 


.0190 
.0260 

.0130 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Chemical  Examination  of  Water  from  a  Faucet  in  the  City  of  Holyoke  supplied 
from  the  Holyoke  Water  Works  —  Concluded. 


Date  of 

APPBAJtAjrCB. 

Rksidub  oh 
Evaporation. 

AXMOXIA. 

1 

NiTROOKI 
AS 

% 

} 

|l 

t 

1 

1 

^ 

§1 

1 

1 

l' 

1 

2 

1 

825 

18 

Sept.  20 

87. 
Sept.  21 

Slight. 

SUght. 

0.08 

5.90 

0.50 

5.40 

.0000 

.0148 

.08 

.0000 

. 

1044 

Oct.  25 

Oct.  26 

SUghl 

Slight. 

0.25 

6.45 

0.05 

5.50 

.0050 

.0168 

.12 

.0020 

- 

1269 

Nov.  28 

Nov.  29 

Decided. 

Much, 
brown. 

0.30 

6.85 

1.50 

5.85 

.0022 

.0280 

.15 

.0090 

- 

14S8 

Dec.  27 

Dec.  28 

Veryallght. 

None. 

0.10 

6.75 

1.10 

6.65 

.0010 

.0126 

.13 

.0080 

.0003 

1688 

18 

Jan.  25 

88. 

Jan.  26 

SUght. 

Veryallght. 

0.10 

5.05 

0.70 

5.25 

.0024 

.0092 

.10 

1 

.0070 

.0000 

1897 

Feb.  27 

Feb.  28 

Slight. 

Veryallght. 

0.25 

6.05 

1.00 

5.06 

.0002 

.0118 

.10 

.0080 

.0000 

2101 

Mar.  26 

Mar.  27 

Slight. 

Slight. 

0.10 

5.95 

0.85 

5.10 

.0000 

.0100 

.12 

.OjMO 

.0000 

2807 

Apr.  25 

Apr.  26 

Slight. 

Sirt,brown. 

0.15 

6.65 

1.10 

6.55 

.0000 

.0143 

.10 

.0040 

.0003 

2518 

May  24 

May  25 

Dlatlnct. 

SUght. 

0.25 

6.55 

0.65 

5.90 

.0000 

.0114 

.07 

.0030 

.0003 

Av 

0.36 

6.70 

1.28 

5.44 

.0012 

.0194 

.11 

.0088 

.0001 

Hardnees  in  May,  1888,  8.6.    Odor,  very  fnlnt  or  none,  aeldom  vegetable. The  aamples  were 

collected  from  a  faucet  in  the  office  of  the  Holyoke  Water  Power  Company.    There  were  heavy  ralna 
from  two  to  four  daya  previoua  to  the  collection  of  Nos.  201, 807, 61   and  1260. 

Microscopical  Examination. 


1888. 

Mar. 

Apr. 

May. 

1.    Blue-green  Algie, 

0.0 

0.0 

0.0 

2.    Other  Algaj, 

pr. 

pr. 

pr. 

8.    Fungi, 

0.0 

pr. 

0.0 

4.    Animal  Forma 

pr. 

pr. 

0.0 

Groups  and  principal  genera  of  organisms  observed:    2.  Palmellaoen;  Dlatomacess.    4.  Protosoa, 
Dinobryon, 

Water  Supply  of  Hopedale. 
This  town  is  supplied  jointly  with  Milford  by  the  Milford  Water 
Company.     See  Milford. 

Water  Supply  of  Hopkinton. 
Description  of  Works.  —  Population  in  1885,  3,922.     The  works 
are  owned  by  the  town.     Water  was  introduced  in  1884.     The  aver- 
age daily  consumption  in  1887  was  about  25,000  gallons.     The 
sources  of  supply  are  three  tubular  wells,  each  6  inches  in  diameter. 
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Well  No.  1  is  59  feet  deep,  well  No.  2  is  65  feet  deep,  and  well 
No.  3  is  75  feet  deep.  They  are  sunk  in  rock  which  comes  within 
10  feet  of  the  surface  of  the  ground,  not  far  from  the  summit  of  a 
large  hill.  There  are  44  houses  on  this  hill  within  1,000  feet  of  the 
pumping  station.  Pumps  force  the  water  from  the  wells  to  an  open 
iron  tank  35  feet  in  diameter  and  35  feet  high.  Distributing  mains 
are  of  cast  iron  and  service  pipes  of  wrought  iron. 


Chemical  ExamtTiaiion  ^  of  Water  from  the   Tubttlar  Wells  of  the  ffopkinton 

Water  Works, 

[Ptrts  per  100,000.] 


Datb  of 

APPBAKAVCm. 

RcsmUB  ov 

EVAI\>lUiTIOK. 

Ammokia. 

j 

NiTROOBV 
At 

1 

1 

|l 

f 

1 

1 

§1 
1^^ 

& 

i 

1 

1 

m 

18 

Jane  21 

Jane  22 

None. 

None. 

0.00 

18.76 

_ 

_ 

.0003 

.0024 

1.28 

.1040 

^ 

376 

Jaly  SI 

Jaljr  21 

None. 

None. 

0.00 

22.50 

- 

- 

.0001 

.0019 

2.84 

.6000 

- 

MO 

Aaff.22 

Aug.  23 

None. 

None. 

0.00 

18.26 

* 

- 

.0000 

.0014 

2.49 

.6200 

" 

784 

Sept.  14 

Sept.  15 

None. 

None. 

0.00 

12.00 

- 

- 

.0000 

.0008 

1.18 

.3000 

- 

1385 

Dee.    8 

Dec.    7 

'X. 

None. 

0.00 

12.15 

- 

- 

.0000 

.0018 

1.42 

.4000 

- 

1409 

Deo.  21 

Dec.  22 

Very  Alight. 

Veryillght. 

0.00 

14.00 

- 

- 

.0000 

.0018 

1.91 

.8760 

.0002 

1675 

18 

Jan.  24 

88. 
Jao.  24 

None. 

None. 

0.00 

13.20 

.' 

- 

.0000 

.0020 

1.74 

.6200 

.0000 

1887 

Feb.  24 

Feb.  25 

None. 

None. 

0.00 

13.85 

- 

- 

.0002 

.0012 

1.86 

.4800 

.0000 

2071 

liar.  21 

Mar.  22 

None. 

None. 

0.00 

12.76 

- 

.0004 

.0018 

1.88 

.8600 

.0000 

S2M 

Apr.  23 

Apr.  24 

Slight, 
milky. 

None. 

0.00 

17.10 

- 

.0000 

.0028 

2.88 

.4500 

.0002 

2439 

May  22 

May  28 

None. 

None. 

0.00 

12.80 

- 

- 

.0000 

.0012 
.0017 

1.49 
1.88 

.8250 
.4006 

.0000 

Ar 

0.00 

14.87 

- 

- 

.0001 

0001 

HardncM  in  December,  1887,  6.0;  in  May,  1888, 4.7.    Odor,  none. The  samples  were  collected 

from  a  faacet  in  the  village,  and  represent  a  miztare  of  the  water  ttom  the  three  wells. 


Microscopical  Examination. 


1888. 


March. 


April. 


May. 


1.  Blae-green  Alg», 

2.  Other  Aigat,       . 

3.  Fnngi, 

4.  Animal  Forms,  . 


pr. 
0.0 
0.0 


0.0 
pr. 
0.0 
0.0 


0.0 
pr. 
0.0 
0.0 


Groups  and  prlodpal  genera  of  organisms  observed :   2.  PalmellacesB ;  Zoospores;  Dlatomaoea*. 
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[Dec. 


Chemical  Examination  of  Water  from  Well  No.  1,  Hopkinton  Water  Works. 

[Parts  per  100,000.] 


Datb  of 

Rksidur  ok 

EVAPOKATIOX. 

Ammonia. 

i 

NITROGEX 
AS 

1 

i 

j 

a 

o 

§1 

f 

«2 

1 

H 

sl 

|5 

1 

i 

o 

|a 

< 

9i 

i 

5*5 

1832 
1468 

18 

Dec.    8 

Dec.  21 

w 

87.  :J 

Dec"   7 
Dec.  22 

Slight, 
milky. 

Very  slight. 

Very  Slight. 
Very  slight. 

0.0 
0.0 
0.0 

23.80 
28.00 

- 

.0010 
.0000 

.0018 
.0008 
.0013 

4.38 
4.95 
4.87 

.8200 
.8000 

.8100 

- 

Av 

I 

24.90 

- 

- 

.0005 

1 

Hardness,  Dec.  0, 10.8.    Odor,  iK>ne.  — The  samples  were  collected  from  a  faucet  at  the  well  while 
pnmplng. 

Chemical  Examination  of  Water  from  Well  No.  2,  Hopkinton  Water  Works. 

[Parts  per  100,000.] 


Datk  of 

Appbarakcb. 

Rrsidur  on 

EVAPUKATIOIf. 

Ammonia. 

1 

1 

NiTKOOKSr 
1             AS 

1 

a 

o 

\ 

il 

1 

«i 

1 

I 

]i 

1 

s 

1 

1 

972 
1833 

1467 

18 

Oct.  17 

Dec.    8 
Dec.  21 

Oct.   19 
Dec.    7 

Doc.  22 

None. 
Very  slight. 

None. 

Very  slight. 
None. 

None. 

0.0 
0.0 

0.0 

20.90 
22.20 

20.30 

- 

- 

.0000 
.0008 

.0000 

.0003 

.0016 
.0008 

.0010 

4.0 
5.26 

4.70 

.6200 
.6500 

.4000 

.0002 

Av. 

0.0 

21.13 

- 

.0011     4-7>  !.52fal     - 

1 

Hardness,  Dec.  8,  7.8.    Odor,  none.  — The  samples  were  collected  from  a  faucet  at  the  well 
while  pumping. 

Chemical  Examination  of  Water  from  Well  No.  5,  Hopkinton  Water  Works, 

[Parts  per  100,000.] 


Datk  of 

Appbabavcb. 

Rksiddk  on 
Evaporation. 

Ammonia. 

i 

•u 
o 

g 

XlTROGKM 
AS 

1 

a 

§ 

I 

f 

j 

i 

5 

1 

s 

1 

1 

il 

g 

s 

1236 
1331 

1463 

18 

Nov.  21 

Dec.    6 
Dec.  21 

87.          1 
Nov.  22 

Dec.    7 
Dec.  22 

None. 
None. 

None. 
Slight. 

Slight. 

0.0 
0.0 

0.0 

9.70 
10.70 

1 10.40 

- 

- 

.0000 
.0010 

.0000 

.0003 

.0024 
.0008 

.0010 

0.93 

jl.20 

1.20 

1 

'.3000 
|.3000 

.3000 

.0002 

Av 

1 



0.0 

1 10.27 

1 

- 

- 

.0014    1.11    .3000 

i               1 

1 

1 

1 

Hardness,  Dec.  6,  4.4.    Odor,  none.  —  The  samples  were  collected  from  a  faucet  at  the  well  while 
pumping. 
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Water  Supply  of  Hudson. 

Description  of  Works.  — Population  in  1885,  3,968.  The  works 
are  owned  by  the  town.  Water  was  introduced  in  1884.  There 
were  about  422  service  taps  supplied  in  1888.  The  source  of  supply 
is  Gates  Pond,  in  Berlin.  Area  of  pond,  75  acres  ;  average  depth, 
30  feet;  maximum  depth,  80  feet;  bottom,  sandy.  There  is  no 
shallow  flowage  and  the  shores  are  abrupt.  The  drainage  area,  of 
310  acres  exclusive  of  the  pond,  consists  of  pasture  and  woodland, 
and  a  very  little  cultivated  land  ;  it  is  uninhabited.  Water  is  dis- 
tributed by  gravity.  Distributing  mains  and  service  pipes  are  of 
wrought  iron  lined  with  cement. 


ChemiccU  Examination  of  Water  from  Gates  Pond  in  Berlin, 

[Parts  per  100,000.] 


Date  op 

Rbsidub  oh 

EVAPOBATIOH. 

Amxokia. 

1 

NiTaOOBV 
▲8 

1 

1 
1 

I 

ii 

!  ^ 

1 

1 

1 

1^ 

1 

A 

•< 

j 

1 

i      19 

175  Jane  22 

Jane  23 

iDeeided. 

Slight. 

0.05 

8.82 

0.82 

2.50 

.0027 

.0168 

.21 

.0000 

. 

412 

Jaly  26 

July  27 

None. 

Veryslight. 

0.10 

4.05 

0.60 

3.45 

.0003 

.0130 

.23 

.0100 

- 

617 

Aug.  25 

Aug.  27 

Very  Blight. 

None. 

0.00 

8.80 

0.75 

3.05 

.0010 

.0147 

.19 

.0100 

- 

859 

Sept.  29 

Bept.30 

Very  slight. 

None. 

0.05 

2.95 

0.80 

2.15 

.0012 

.0138 

.19 

.0000 

- 

995 

Oct.  20 

Oct.  21 

Very  alight. 

Veryslight* 
white. 

0.00 

2.70 

0.40 

2.30 

.0000 

.0120 

.20 

.0030 

- 

1257 

Not.  28 

Nov.  29 

Slight. 

^;7.Lr'' 

0.10 

2.80 

0.80 

2.00 

.0018 

.0178 

.24 

.0080 

- 

1505 

Dec.  29 

Deo.  80 

VeryBUght. 

Veryslight. 

0.10 

2.55 

0.80 

1.75 

.0026 

.0172 

.22 

.0070 

- 

1698 

18 

Jan.  26 

89. 

Jan.  27 

Blight. 

Slight. 

0.05 

2.75 

0.75 

2.00 

.0032 

.0122 

.16 

.0080 

.0000 

1907 

Feb.  27 

Feb.  28 

Slight. 

Slight. 

0.00 

2.00 

0.70 

2.20 

.0020 

.0122 

.22 

.0100 

.0003 

2D97 

Mar.  24 

Miir.26 

Distinct. 

Slight. 

0.10 

2.85 

0.60 

2.25 

.0000 

.0206 

.20 

.0060 

.0000 

2302 

Apr.  24 

Apr.  26 

DisUnct. 

Slight. 

0.05 

2.00 

0.55 

2.05 

.0005 

.0120 

.22 

.0070 

.0001 

2514 

May  24 

ICay  25 

Slight. 

Veryslight. 

0.05 

2.85 

0.60 

2.25 

.0006 

.0152 

.17 

.0050 

.0008 

26»9 

Jane  28 

June  29 

Decided. 

Slight, 
gre«n. 

0.05 

2.48 

0.68 

1.80 

.0000 

.0184 
.0104 

.21 

.0020 

.0000 

2790  July  18  July  18 

nfuky. 

Slight. 

0.10 

2.50 

0.75 

1.75 

.0000 

.0194 
.0154 

.19 

.0020 

.0000 

3003  1  Aag.  21 '  Aug.  22 

1 

Slight. 

Slight, 
brown. 

0.10 

2.50 

0.70 

1.80 

.0004 

.0180 
.0158 

.18 

.0000 

.0002 

8272|8«pt.27   8ept.27i 

!                        1 

Very  slight. 

"& 

0.10 

2.46  0.85 

1.60 

.0000 

1 

.0160 
.0150 

.18 

.0030 

.0002 
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Ckeimxcal  Examination  of  Water  from  Oales  Potid  in  Berlin  —  Concluded. 


Datk  of 

Appbahamce. 

Rrbiduk  ok 
Evaporation. 

Ammonia. 

1 
1 

i 

1 

6 

NITROOKX 
A8 

1 

'A 

j 

l' 

Turbidity. 

•3 

S 

1 
0.10 

1 

i 

'1 

J 

i    ^ 

1 

3427 

18 

Oct.  23 

88. 
Oct.  24 

DiaUnct. 

^I'lHii. 

j 
2.80  0.60 

1.70 

.0050 

.0192 
.0180 

.20 

1 
.0040 

.0001 

3005 

Nov.  24 

Nov.  24 

Slight. 

Slight, 
white. 

0.00 ; 

2.20  0.75 

1.45 

.0022 

.0100 
.0132 

1    .19 

1 

.0100 

.0000 

8767 
3888 

Dec.  19 

18 

Jan.  22 

Dec.  20 

89. 

Jan.  22 

VeryBllght. 

'  Diatlnct. 

1 

Slight. 
Very  Blight. 

0.00  1 
0.05 

2.2510.75 
2.15  0.40 

1.50 
1.75 

.0034 
.0010 

.0100 
.0086 

.0134 
.0104 

.20 

I    .22 

.0100 
.0080 

.0001 
.0001 

4048 

Feb.  20 

Feb.  21 

VeryBllght. 

VeryBllght. 

0.05 

1 

2.85 !  0.90 

1.46 

.0020 

.0140 
.0096 

1    .20 

1.0000. 0000 

1 

42S1 

Mar.    7 

Mar.    7 

SUght. 

Slight. 

0.00 

2.15  0.40 

1.75 

.0000 

."IDISO 
.0104 

'    .19 

1 

.0000  .0000 

4409 

Apr.    5 

Apr.    0 

Distinct. 

VeryBllght. 

0.00 

1.95  0.50 

1.46, 

.0014 

.0178 
.0144 

.18 

1 

.0000  .0001 

4020 

May    7   May    7 

Slight. 

81i«ht. 
white. 

0.00 

2.10  0.70 

1.40 

.0002 

.0150 
.0118 

.18 

.0040!. 0001 

i 

Av. 

' 

0.05, 

3,01  n-«« 

2.33 

.0014 

.0165 

.20 

.005ol-0(»1 

1 

Hardnees  in  May,  1888, 1.7.    Odor,  very  faint  or  none,  Beldom  vegetable. Saroplefl  numbered 

176  to  2514  were  collected  from  a  faucet  in  the  village.    The  remaining  Bamples  were  collected  from  the 
pond. 


Microscopical  Eocamination. 


.1888.                               1 

1889. 

June.' July. 

1 

Aug. 

Sept. 

Oct. 

Nov. 

I,.! 

1  Jan. !  Feb. 

Mar.  JApr. 

1 

May. 

If  Blue-green  Algn,    . 

pr. 

o.i 

0.2 

pr.     0.0 

0.0 

0.0 

0.0     0.0 

0.0 

0.0 

0.0 

2.  Other  Algj».   .... 

0.7 

0.9 

2.9 

0.8     0.0 

3.4 

0.1 

4.3  1   0.1 

17.1 

3.0 

0.3 

8.  Fangi, 

0.0 

0.0 

pr. 

0.0.   0.0 

0.0 

0.0 

0.0     0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms, 

0.1 

2.5 

8.0 

1.7     0.5 

1.0 

4.0 

0.8  1    6.0 

2.2 

1.0 

0.0 

Groups  and  principal  genera  of  organismB  observed :    1.  CyanophycesB.    2.  PalmellacesB,  Chloro- 
COCCU9;  Zoosporese;  Desmidlaceas ;   Diatomaceie,  AnUrionellat  Meloaira,  Tabellaria;   Zygnen 
3.  Bchizomyoetes.    4.  Protozoa,  2>^no6ryon  ;  Spongiaria;  Rotifera;  Entomostraca. 


Water  Supply  of  Hull. 

This  town  is  supplied  jointly  with  Hingham  by  the  Hingham 
Water  Company.     See  Hingham. 
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Water    Supply   of  Hyde   Park. — Hyde  Park  Water 

Company. 
Description  of  Works.  —  Population  in  1885,  8,376.  The  works 
are  owned  by  the  Hyde  Park  Water  Company,  and  were  built 
in  1885.  The  sources  of  supply  are  tubular  wells  sunk  near 
the  Neponset  River  to  a  depth  of  34  to  38  feet.  There  were 
64  two-inch  tubular  wells  connected  with  the  pumps  in  ,1887,  and 
others  have  been  added  since  that  time.  The  pumps  force  the  water 
to  an  open  distributing  reservoir,  having  a  capacity  of  1,500,000 
gallons.  It  is  150  feet  square  at  the  top  and  the  water  is  14  feet  deep 
when  it  is  full.  The  bottom  is  of  concrete  and  the  slopes  are  paved. 
The  reservoir  is  on  the  opposite  side  of  the  village  from  the  pumping 
station  and  is  reached  by  a  single  line  of  pipe,  so  that  only  the  sur- 
plus from  pumping  goes  to  the  reservoir.  The  water  enters  it  at 
one  side  and  is  drawn  out  at  the  other.  The  growth  of  algoe  in  the 
water  of  the  reservoir  has  affected  its  quality  to  such  an  extent  that, 
beginning  March  8,  1889,  continuous  pumping  was  resorted  to,  and 
the  use  of  the  reservoir  was  discontinued  except  in  case  of  fires  or 
other  emergencies.  The  analyses  of  water  from  the  reservoir  after 
March  8,  1889,  do  not,  therefore,  indicate  the  quality  of  the  water 
supplied  to  the  town.  Distributing  mains  are  of  cast  iron  and 
service  pipes  of  wrought  iron  lined  with  cement. 


Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Hyde  Park 

Water  Company. 

[Parts  p«r  100,000.] 


Date  of 

Afpkaiuhcb. 

aBeiDUB  ON 
EVAPOBATIOH. 

AmiONIA. 

i 

AS 

1 

j 

|J 

f 

*i 

i 

1 

§1 

s 

1 

11 

s 

^A 

82 

Jane  11   Jane  11 

None. 

None. 

0.0 

6.00 

_ 

_ 

.0005 

.0007 

.69 

.1040 

_ 

2B8 

July  11  Jaly  11  ■  None. 

None. 

0.0  1 

6.10 

- 

- 

.0000 

.0010 

.81 

.0390 

- 

513 

Aag.  9   Aug.  10    None. 

None. 

0.0 

7.17 

- 

- 

.0000 

.0015 

.86, 

.1040 

- 

728 

Sept.  9 

Sept.  9 

None. 

None. 

0.0 

7.36 

- 

- 

1.0000 

.0008 

.84 

.0390 

- 

«7 

Oct.  11 

Oct.  11 

None. 

None. 

0.0 

6.46 

- 

- 

.0000 

.0016 

.83! 

.0780 

- 

1184 

Not.  9 

Not.  10 

Veryellgbt. 

None. 

0.0 

6.65 

- 

- 

.0008 

.0004 

.81, 

.0550 

- 

1385 

Dec.  12 

Dee.  13 

None. 

None. 

0.0 

6.96 

- 

- 

.0014 

.OOfti 

.92 

.0700 

- 
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Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Hyde  Park 
Water  Company  —  Concluded. 


Datk  of 

Appbabancb. 

RB8IDUB  02r 
EVA.POKATIOK. 

1  Ammonia. 

1 

NiTBOOES 
A8 

^ 

1 

il 
2 

1 

1 

1 

1 

i 

S 

1 

-< 

i 

9* 

^ 

1573 

18 

Jan.  10 

88. 

Jan.  11 

None. 

None. 

0.0 

5.80 

_ 

_ 

.0000 

.0010 

i    ''' 

.0800 

.0001 

1808 

Feb.  10 

Feb.  13 

None. 

None. 

0.0 

6.30 

- 

- 

.0000 

.0016 

.81 

.0700 

.0000 

1985 

Mar.    9 

Mar.  10 

None. 

None. 

0.0 

5.90 

- 

- 

.0004 

.0018 

.09 

1.0650 

.0001 

8185 

Apr.   9 

Apr.  11 

None. 

None. 

0.0  1 

4.65 

- 

- 

.0000 

.0004 

.56 

.0350 

.0001 

2370 

May    8 

May    8 

j  None. 

None. 

0.0 

5.20 

- 

- 

.0000 

.0010 

.62 

.0800 

.0000 

2720 

Jaly    6 

July    6 

i  None. 

None. 

0.0 

6.43      - 

- 

.0002 

.0062 

.76 

.1000 

.0002 

2805 

Aug.  8 

Aug.  9 

None. 

None. 

0.0 

6.80      - 

- 

.0000 

.0028 

.85 

.0450 

.0001 

3159 

Sept.  11 

Sept.  12 

1  None. 

None. 

0.0 

.    7.20 

- 

.0002 

.0026 

.91 

.0550,. 0007 

3849 

Oct.  10 

Oct.  11 

None. 

None. 

0.0 

6.60 

- 

- 

.0008 

.0050 

.80 

.0500 '.0003 

8537 

Nov.  13 

Nov.  14 

;  None. 

None. 

0.0 

5.75 

- 

- 

.0000 

.0012 

.72 

.0050  .0003 

3760 

Dec.  19 

Dec.  20 

None. 

None. 

0.0 

6.05      - 

- 

.0000 

.0014 

.73 

.0000  .0002 

8884 

18 

Jan.    8 

89. 

Jan.  10 

1 
None. 

None. 

0.0 

5.80      - 

. 

.0002 

.0018 

.09 

.0680,. 0002 

4027 

Feb.  15 

Feb.  18 

!  None. 

None. 

0.0 

1    5.10      - 

1 

.0000 

.0024 

.64 

.0420 '.0003 

4807 

Mar.  13 

Mar.  15 

j  Very  alight. 

None. 

0.0 

6.»!    - 

.0000 

.0012 

.68 

.0780  .0001 

4475 

Apr.   8 

Apr.   9 

SUgbt. 

Slight. 

0.0 

6.80      - 

.0000 

.0024 

.69 

.0600  ,.0001 

4023 

May    7 

May    8 

None. 

None. 

0.0 

1   ..15 j    - 

- 

.0002 

.0016 

.09 

.0000  .0000 

Av. 

0.0 

6.10  1    - 

- 

.0002 

.0019 

.75 

.O049i-OO(k2 

1 

Hardneaa,  July.  1887,  3.4;  in  May,  1888,  2.2. 
faucet  at  the  pumping  station  while  pnmptng. 


Odor,  none. The  aamplea  were  collected  from  a 


Microscopical  Examination. 


1888. 

1899. 

Apr. 

May. 

July. 

Aug. 

Sept. 

Oct 

Nov.  Dec. 

Jan. 

Keb. 

Mar.  Apr. 

May. 

1.  Blue-green  Algae, . 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0     0.0 

pr. 

2.  Other  Algae,  .... 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

0.1 

0.0 

0.0 

0.0 

1.1 

0.0 

0.0 

3.  Fungi, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.o 

4.  Animal  Forma, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

Groups  and  principal  genera  of  organisms  observed:    1.  Oyanophycen.    2.  Palmellaoen;    Zoo> 
sporese;  Diatomacen.    4.  Protozoa. 
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Chemical  Examination  of  Water  from  the  Distributing  Beservoir  of  the  Hyde 

Park  Water  Company. 

[Partx  per  100,000.] 


Datk  of 

Appbakavcb. 

RB8IDDB  OK 
EVjLPOaATXON. 

Ammonia. 

1 

NiTBOQKN 
AS 

i 
1 

Collection. 

Exam- 
ination. 

1 

*: 

1 

§1 

1 

<    1 

i 

1 

S 

84 

June  10  i  June  11 

1               1 
1 

Slight, 
milky. 

Slight. 

0.00 

6.30 

- 

- 

.0018 

.00781 

j 

'    .70 

j 

.0620 !    - 

1 
1 

296 

July  11   July  11 

Slight. 

None. 

o.oo 

6.76 

- 

- 

.0002 

.0130 

1 

'    .70 

.0330 '    - 

512 

Aug.   9   Aug.  10 

None. 

None. 

0.00 

6.26 

- 

- 

.0017 

.0092 

.81 

.0520      - 

722   Sept.   9 

Sept.  9 

Slight. 

VeryiUght. 

0.00 

7.66 

- 

- 

.0000 

1 

.0080 

.79 

.0200      - 

928    Oct.  11 

Ocu  11 

,  Dlatlnct. 

Slight. 

0.10 

6.45 

- 

- 

!. 0004  .0238: 

1           1           ' 

.75 

.0260      - 

1135   Xov.    9 

1 

Nov.  10 

Distinct. 

1 

Slight, 
white. 

o.oo' 

1 

6.76 

- 

.0000  ,.0180 

1 

.82 

1 

.0400 

- 

1886    Dec.  12 

1             18 

1672    Jan.  10 

Dec.  13    Decided. 

SS. 

Jan.  Ill  Distinct. 

Considera. 
ble,  white. 

Slight. 

o-ao, 

0.00 

7.16 
7.46 

" 

.0010  .0184 
i.0088 

.0000  .0160 

i        1 

.88 
.76 

.0400 
.0650 

.0005 

1802    Feb.  10 

Feb.  13 ' 

1 

Distinct, 
milky. 

^^■asr- 

0.10 

7.05 

- 

- 

'.0000 

.0127 

.76 

.0500 

.0005 

1984 '  Mar.    9 

1 

Mar.  10 

Distinct. 

Slight, 
white. 

0.10 

6.70 

- 

- 

.0000 

.0173 

.72 

.0500 

.0008 

2184!  Apr.    9 

Apr.  11 

Decided. 

Very  slight. 

0.10 

5.80 

- 

- 

.0004 

.0262 

.68 

.0260 

.0007 

2369    May    8 

May    8 

Decided. 

Slight, 
green. 

o.oo' 

5.60 

- 

- 

.0000 

.0230 
.0062 

.61 

.0180^.0001 

2n9   July    5 

July    6 

SUght. 

«». 

0.00. 

5.30 

- 

- 

.0086 

.0210' 
.0110 

.70 

.00701.0002 

1 

2896 

Aug.  8 

Aug.   9. 

DisUnot. 

Vary  slight. 

0.00 

6.40 

.0012 

.0172 ; 

.0124' 

.76 

.0120 

.0001 

S160 

Sept.  11 

Sept.  12 

i 

Slight. 

Slight, 
white. 

0.00 

6.60 

- 

.0020 

.0214 
.0126 

.78 

.0060 

.0002 

3348 

Oct,  10 

Oct.  11 

Distinct. 

Considera- 
ble, green. 

0.00 

5.95 

- 

- 

.0010 

.0262 
.0120 

.81 

.0360 

.0002 

S536 

Nov.  13 

Nov.  14  i 

Slight. 

Considera- 
ble, green. 

0.00 

6.20 
5.10 

- 

- 

.0010 

.0268 
.0134 

.76 

.0250 

.0001 

3759    Dec.  19 

lA 

88S5'J«n.    8 

4028  f  Feb.  15 

1 

Dec.  20  '  Distinct. 

^.     1 

Jan.  10  ^Dtatlnct. 

1 

Slight, 
green. 

Con.,  yel- 
low  green. 

0.00 
0.00 

5.80 
5.05 

4.86 
4.55 

- 

- 

.0002 
.0012 

.0182 
.0072 

.0162 
.0058 

.66 
.56 

.0250 
.0270 

.0002 
.0002 

Feb.  18    Decided. 

Heavy, 
green. 

0.00 

6.80 
4.80 

- 

- 

.0004 

.0228 
.0034 

.63 

.0300  .0002 

4355    Mar.  19 

Mar.  21    Decided. 

Heavy, 
green. 

0.00 

6.90 
4.86 

- 

\ 

.0006 

.0236 
.0058 

.66 

.0380  .0003 

; 

4518 

Apr.  16 

Apr.  17.  Decided. 

Slight. 

0.00 

5.66 

- 

- 

.0010 

.0164 
.0106 

.67 

.0350  .0004 

4024 

May    7 

1 
May     8    Very  alight. 

Very  slight. 

0.00 

6.20 

- 

- 

.0024 

.0106 

.68 

.0600  .0001 

Av. 

0.03 

1   6.27 

- 

_ 

.0009 

.0179 

.72 

'.0885'.0003 

i ■  ■ 

Hardness  in  May,  1888,  2.3.    Odor,  generally  vegetable,  frequently  disagreeable,  occasionally  none. 

Thg  aamples  were  collected  from  Uie  reservoir.    The  reservoir  was  shut  off  from  the  town  on 

March  8  1889  and  since  this  date  water  has  been  supplied  directly  from  the  wells  by  conllniions  pump- 
ing In  Mav  the  reservoir  was  drawn  off  and  cleaned,  and  was  being  refilled  when  sample  No.  4624  was 
colieeted,  there  being  about  three  feet  of  water  in  it  at  the  time. 
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[Dec. 


Microscopical  ExamineUioru. 


18»8. 

1                           1»8«. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

'  Jan. 

Feb. 

Mar. 

Apr.  'May. 

1.  Blue-green  Algae,     . 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

1     0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Alg«,     .        .        . 

66.1 

9.0 

771.1 

121.0 

1006.7 

160.6    2406.0 

8270.4 

8276.1 

115.0 

0.7 

3.  Fungi,        .... 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0         0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms, 

0.3 

0.7 

0.1 

pr. 

pr. 

16.0,       1.2 

0.0 

0.0 

0.2 

0.0 

Groapa  and  principal  genera  of  organisms  observed :  1.  Cyanophycen.  2.  Palmellaoees,  Chloro- 
cocctUf  Protococcua;  ZoosporecD,  C<itla»trwnt  Pandorlna,  Raphidium,  Scenedeatnut;  Desmidiacen, C/b«- 
terium;  ViAtom&oemt  Atterionetta,  Sj/nedra;Vo\v(xAne».  3.  Schizomycetes.  4.  Protozoa,  Zhnodryon ; 
Rotifora;  Entomostraca. 


Chemical  Examination  of  Water  from  Neponset  Biver  at  Hyde  Park, 

[Parts  per  100,000.] 


DATS  OF                                  AppBABANCB. 

Bbsiddb  ok 

EVAPORATIOir. 

Ammonia. 

1 

NiTsooKir 

AS 

i 

s 

1 

Exam- 
ination. 

Turbidity. 

\ 

1 

§1 

1 

1 

ii 

i  i 

1  ^ 

S 

83 

June  10 

June  11    SUght. 

Consld'ble. 

2.00 

6.80 

3.00 

3.80 

.0044 

.M87 

,|                    1 

0.68    .0070 i    - 

297 

July  11 

July  11 

SUght. 

None. 

1.00 !    6.95 

I- 

1.75 

4.20 

.0060 

.0432 

0.68    .0000 

- 

611 

Aug.  9 

Aug.  10 

Very  slight. 

Much,  rusty 
brown. 

1.60      0.07 

1 

2.55 

6.52 

.0062 

.0509 

0.93 

.0070 

- 

721 

Bept.  9 

Sept.  9 

Very  Blight. 

Slight. 

0.70 '     7.87 

1.72 

5.65 

.0030  .0266 

j 

0.74 

.0130 

- 

926 

Oct.  11 

Oct.  11 

Decided. 

Slight. 

0.80 

1    8.75 

1.50 

7.25 

.0094  |. 0370 

1.28 

.0100 

- 

1133 

Nov.   9 

Nov.  10 

Decided. 

Slight. 

1.00  !i  11.25 

2.80 

8.46 

.0009 

.0358 

1.66 

.0090      - 

1384 
1666 

Dec.  12 

18 

Jan.  19 

Dec.  13 

8S. 

Jan.  23 

Distinct. 
Distinct. 

1 

Con..e*rthy 
and  iloc*t. 

Consid»ble, 
earthy. 

1.20 
1.00 

,    9.25 
7.30 

2.76 
2.65 

6.60 
4.65 

.0056 
.0011 

.0388 
.0803 

11.09 
0.67 

.0100 
.0200 

.0000 

1801 

Feb.  10 

Feb.  13    Distinct. 

Con.,e'rthy 
and  ilocU. 

0.70 

6.55 

2.60 

8.95 

.0007  .0283 

1 

.0.65 

.0200 

.0000 

1083 

Mar.    9 

Mar.  10 

i  Decided. 

Con.,e'rthy 
and  floc*t. 

0.90 

'    7.90 

1 

2.46 

5.45 

.0046  .0372 

0.88 

.0120 

1 

.0008 

2183 

Apr.    9 

Apr.  11  ■ 

Slight. 

Slight,          ;  0.90 
brown.      \ 

4.30 

1.66 

2.66 

.0008 

.0288, 

0.52 

.0050  .0000 

2868 

May    8 

May    8 

Distinct. 

Consid'ble, 
brown. 

1.40 

5.85 

j            1 

2.45 

3.40 

1 

.0066 

.03^4. 

1 

0.66 

.0080  .oooa 

2721 

July    5 

July    6 

Slight. 

Slight, 
brown. 

0.60 

6.70  2.10 

4.60 

.0062 

.0286 i 

0.04 

.0070  .0008 

2897 

Aug.   8 

Aug.   9 

Slight. 

Slight, 
brown. 

0.80 

1 
8.951 2.10 

6.85 

.0034 

.0446 
.0432: 

1.42 

.007o|.0004 

3168 

Sept.  11 

Sept.  12 

Very  alight. 

Slight, 
brown. 

1.10 

11.20  2.55 

8.65 

.0098 

.0430 
.0378 

1.83 

.0090 ' 

.0005 

3347 

Oct.  10 

Oct.  11  1  Very  slight. 

Slight. 

1.60 

8.35  2.75 

8.60 

.0008 

.0350 
.0328 

0.63 

.0080 

.0002 
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Chemical  Examination  of  Water  from  Neponset  Bwer  at  Hyde  Park — Concluded. 


1 

Datb  or 

APPBAKAlfCK. 

Bbsiddb  cm 

EVAPOKATION. 

Ammoxia. 

1 

1  NITROOBK 

1    ^» 

s 

! 

i 

tf 

«i 

1 

1 

§1 

1-^ 

1 

1 

is 

s 

1 

S585 

Nov.  13   Nov.  14 

i         1 

Very  •light. 

Sirt,  e'rthy 
and  floe't. 

1.60 

6.65 

2.85 

8.80 

.0006 

.0344 
.0294 

0.59 

.0060 

.0002 

8768  1  Dee.  19 

1 

S83S,Jan.    8 

! 

Dec.  20 

89. 
Jan.  10 

Slight. 
Slight. 

SllH,  e'rthy 
aud  floe*t. 

Slight. 

0.70 
0.60 

8.70 
3.60 

1.35 
1.15 

2.85 
2.45 

.0000 
.0006 

.0150 
.0180 

.0188 
.0164 

0.43 
0-47 

.0030 
.0050 

.0006 
.0001 

4028 

Feb.  15 

Feb.  18 

Decided. 

Blight, 
earthy. 

0.50 

5.65 

1.65 

4.10 

.0008 

.0254 
.0180 

0.76 

.0110 

- 

4306 

Mar.  13 

Mar.  IS 

SUght. 

Very  •light. 

0.70 

6.00 

2.00 

8.00 

.0004 

.0240 
.0188 

0.60 

.0030 

.0002 

4474 

Apr.    8 

Apr.    9 

Dlatlnct. 

CoD8ld*ble. 

0.60 

4.70 

1.65 

8.05 

.0020 

.02761 
.0286 

0.66 

.0040 

.0002 

40n    May    8 

May    8 

SUght. 

Considble. 

1.70 
1.07 

6.55 
Z.63 

2.50 
2.82 

8.05 

.0122 

.0302 
.0838 

.0835 

0.56 
0.83 

.0040 

.0002 

At 

5.21 

1 

.0037 

.0082 

.0002 

HardDMA  In  May,  1888. 1.9.    Odor,  vegetable,  often  monldv.    The  eamplefl  were  collected  from  the 
Neponset  Klver  near  the  pumping  •tation  of  the  Hyde  Park  Water  Company. 

MicroscqpiccU  Examination, 


ism. 

1S89. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

Jan. 

r«b. 

Mar. 

Apr. 

May. 

1.    Blue-green  Alg»,          .... 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.    Other  Algv 

0.5 

0.9 

pr. 

0.4 

0.2 

0.0 

0.7 

1.0 

0.0 

2.7 

1.2 

3.    Fungi 

4.0 

1.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.    Animal  Forme, 

pr. 

0.1 

0.1 

0.6 

0.2 

0.0 

pr. 

0.1 

0.0 

0.0 

0.2 

Oroupe  and  principal  genera  of  organisms  observed:  2.  Palmellaceie ;  ZooBporece;  Desmldlacen; 
DlAtomacesB,  FraglUariat  Synedra;  Zygnemaceas.  3.  Schizomycetes,  Orenothrix.  4.  Protozoa; 
fipongiarla. 

Chemical  Examinaiion  of  Water  from  8prague  Pond^  Hyde  Park, 

[Parts  per  100,000.] 


Datb  of 

Rbsiduk  om 

EVAPOBATIOK. 

Ammokll. 

1 

NiTBOOBN 
AS 

!? 

lil^ 

f 

1 

1 

1 

1-' 

1 

1 

1' 

s 

1 

S675    Nov.  20  Nov.  20 

Distinct, 
milky. 

None. 

0.15 

7.70 

1.45 

'■• 

.0000 

.0936    1.45 
.0276 

.0080 

.0000 

Odor,  distinctly  vegetable. The  sample  was  collected  from  near  the  lower  end  of  the  pond  oppo- 
site the  pier  ot  Davenport's  Ice-honse.    The  pond  is  located  in  the  village  of  ReadviUe. 
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[Dec. 


Water  Supply  of  Kingston. 

Description  of  Works.  —  Population  in  1885,  1,570.  The  works 
are  owned  by  the  town.  Water  was  introduced  in  1886.  The 
sources  of  supply  are  a  well  and  filter-gallery  on  the  bank  of  Jones 
River  near  the  village.  The  well  is  20  feet  in  diameter  and  is 
covered  and  ventilated.  The  filter-gallery,  built  in  June,  1888,  is  a 
brick  arch  360  feet  long,  20  inches  wide  and  14  inches  high.  It  was 
built  parallel  with  and  near  the  river  and  is  connected  with  the  well. 
Pumps,  operated  by  water  power,  force  the  water  to  a  cylindrical 
distributing  reservoir  having  a  capacity  of  265,000  gallons.  The 
reservoir  is  50  feet  in  diameter  and  its  depth  below  an  overflow  pipe 
is  18  feet.  The  walls  are  built  of  brick  masonry  and  the  bottom  is  of 
concrete.  In  July,  1888,  the  reservoir  was  covered  with  a  roof  to 
exclude  the  light.  When  the  pumps  are  in  operation,  only  the 
water  not  used  by  the  water  takers  goes  to  the  reservoir,  and  water  is 
drawn  from  it  by  the  same  pipe  which  feeds  it.  Circulation  of  water 
in  the  reservoir  has  sometimes  been  caused  by  pumping  an  excessive 
amount  of  water  into  it,  thus  causing  the  water  to  waste  through  the 
overflow  pipe.  Distributing  mains  are  of  cast  iron  and  service  pipes 
are  of  lead. 

Previous  to  Oct.  IS,  1888,  there  was  a  small  system  of  water 
works  ill  the  town  operated  by  the  Kingston  Aqueduct  Company. 
The  sources  of  supply  were  three  wells  near  Jones  River  and  a  short 
distance  below  the  sources  of  the  present  supply  of  the  town.  The 
works  of  the  company  were  purchased  by  the  town  and  have  been 
discontinued. 


Chemical  Examination  of  Water  from  the  Well  and  Filter- Gallery ,  Kingston. 

[Parts  per  100,000.] 


Datk  op 

Appearakce. 

Rksidub  ow 
Evaporation. 

Ammonia. 

i 

NlTROOUV 

AS 

^ 

j 

.1 

i 

! 

1 

1 

1-^ 

1 

b4 

r' 

1 

s 

S 

224 

18 

June  29 

87.          1 
June  30 , 

None. 

None. 

0.0 

5.67 

_ 

. 

.0000 

.0009 

.85 

1 
.0780 

. 

427 

July  27 

Jaly  29 

None. 

None. 

0.0 

6.15 

- 

- 

.0000 

.0002. 

.88 

.1700 

- 

637 

Ang.29 

Aug.  29 

None. 

None. 

0.0 

6.97 

- 

- 

.0002 

.0020 

.85 

.1170 

- 

833 

Sept.  21 

Sept.  22 

None. 

None. 

0.0 

5.65 

- 

- 

.0000 

.0036 

.85'  .1040 

- 

1(KK2 

Oct.  27 

Oct.  28 

VerysHght. 

Blight. 

0.0 

6.40 

- 

- 

.0000 

.0016 

.82    .1000 

- 

1209 

Nov.  30 

Dec.    1< 

Very  Blight. 

None. 

0.0 

6.05 

- 

- 

.0000 

.0020 

.83 

'.1260 

- 

1603 

Dec.  28 

Dec.  29 

VerysHght,  VerysHght. 

1 

0.0 

6.75 

- 

- 

.0001 

.0023 

1 

.87 

.1500 

- 

Digitized  by 


Google 


1889.] 


WATER  SUPPLY  AND   SEWERAGE. 


169 


Chemical  Examinaiion  of  Water  from  the  Well  and  Filter-OcUlery, 
Kingston — Concluded. 


Date  or 

Appbahahcb. 

RB8IDUB  OK 
EVAPOftATIOS. 

AMMONIA. 

Z 
u 

NiTROGKK 
AS 

25 

1 

1 

2 

d 
o 

il 

i 

Sediment. 

1 

I 

il 

i 

i 

is 

< 

s 

I 

S 
c 

1740 

18  S8. 
Feb.    2  Feb.    3 

None. 

None. 

0.0 

6.50 

_ 

_ 

.0000 

.0018 

.93 

.1100 '.0004 

1 

1881 

Feb.  21  Feb.  23 

None. 

Slight, 
brown. 

0.0 

5.65 

- 

- 

.0000 

.0050 

.89 

.0900 

.0002 

20«5 

Mar.  20  Mar.  21 

1 

Very  Blight. 

Slight, 
brown. 

0.0 

5.30 

- 

- 

.0000 

.0010 

.87 

.1100 

.0004 

2-245 

Apr.  18  Apr.  18 

None. 

None. 

0.0 

5.10 

- 

- 

.0000 

.0020 

.88 

.1000 

.0002 

2442 

May  16  May  17 

None. 

None. 

0.0 

5.45 

- 

- 

.0000 

.0014 

.84 

.1200 

.0002 

2740 

JnJy    6  July    9 

None. 

None. 

0.0 

5.65 

- 

- 

.0000 

.0020 

.82 

.0700 

.0001 

2781 

July  16  July  17 

None. 

None. 

0.0 ! 

5.70 

- 

- 

.0000 

.0014 

.83 

.0760 

.0001 

3022 

Ang.22  Aag.24 

None. 

None. 

0.0 

6.75 

- 

- 

.0002 

.0032 

.76 

.0750 

.0001 

3257 

Sept.  25 

Sept.  25 

None. 

None. 

0.0 

5.60 

- 

- 

.0000 

.0038 

.84 

.1000,. 0001 

3498 

Nov.    6 

Nov.    7 
Dee.    4 

None. 

None. 

0.0 

4.85 

- 

- 

.0000 

.0018 

.83 

.1000  .0001 

3M5 

Dee.    3 

1  Dlettnct, 
,    milky. 

Slight. 

0.0 

5.16 

- 

- 

.0000 

.0032 

.« 

^000  .0001 

3712 

Dec.  18 

Dec.  14 

None. 

None. 

0.0 

5.26 

- 

- 

.0038 

.0026 

.85 

.1000 '.0002 

3840 

18 

Jan.    9 

SO. 

Jan.  11 

None. 

None. 

0.0 

5.20 

» 

_ 

.0000 

.0020 

.79 

1 
.1200  .0000 

3952   Feb.    3 

Feb.    4 

None. 

None. 

0,0 

4.85 

- 

- 

.0004 

.0024 

.78 

.0800  .0001 

4009   Feb.  22 

Feb.  23 

None. 

None. 

0.0 

4.55 

- 

- 

.0002 

.0014 

.75 

.0600  .0003 

4828   Mar.  18 

Mar.  18 

None. 

None. 

0.0 

4.55 

- 

- 

.0006 

.0008 

.76 

.0780  .0000 

4491  ,  Apr.  10 

Apr,  10  |!  None. 

Il 

None. 

0.0 
0.0 

4.30 

- 

- 

.0000 

.0014 
.0021 

.78 

.05501.0000 

At. 

II 

5.39 

- 

.0002 

.83 

.0995  '.OflO'2 

1 

Hardness  In  May,  1888,  2.1.  Odor,  none. "—  The  samples  were 
ing  station  while  pumping,  with  the  exception  of  No.  3840,  which 
town  hall. 


collected  from  a  faucet  at  the  pump- 
was  collected  from  a  faucet  at  the 


Microscopical  Examination, 


1888. 

1880. 

June. 

July. 

Aug.' Sept.  1  Oct. 

Nov. 

Dec. 

Jan.  Feb. 

Feb. !  Mar. 

1 

Apr. 

1.  Blue-greeo  Alga,  .... 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1 
0.0 

0.0 

0.0 

0.0  ;  0.0 

2.  Other  Algw, 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

pr.  J  pr. 

0.0     pr. 

3.  Fongl, 

1.5 

6.0 

1.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0     0.0  '  0.0 

4.  Animal  Forms,       .... 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Group*  and  principal  genera  of  organisms  observed :    2.  Diatomacese.    3.  Schizomycetes,  Creno- 
thrix.    4.  Protozoa. 
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Chemical  Examination  of  Water  from  the  Distributing  Reservoir,  Kingston, 

[Part*  per  100,000.] 


Datb  or 

EVAPOBATIOX. 

Ammokia. 

1 

NlTROGSir 
AS 

1 

a 
35 

j 

al 

f 

j 

1 

1 

c  9 

1-^ 

1 

1 
if 

t 

1 

i 

223 

18 

June  29 

87.          1 

June  30    Very  alight. 

None. 

0.0 

6.95 

_ 

. 

.0002 

.0038 

.82-'  .1040 

. 

426 

July  28 

July  29'  Very  Blight.  1  None. 

0.0 

6.47 

- 

- 

.0002 

.0027 

.92'  .1900 

ii 

- 

636 

Aug.  29 

Aug.  29    Slight.         jNone. 

0.0 

6.10 

- 

- 

.0006 

.0088 

.82  1.0780 

- 

1063 

Oct.  27 

Oct.  28;  Distinct.        Slight. 

0.0 

6.85 

- 

- 

.0000 

.0054 

.80    .1000 

- 

1298 

Nov.  30 

Dec.    1 '  Very  elight.  Very  slight. 

0.0 

6.85 

- 

.0000 

.0076 

.80;Ll000 

- 

1502 

Dec.  28 

Dec.  29    Distinct.        Slight, 

0.0 

6.40 

- 

- 

.0000 

.0075 

.90'' 

.1100 

.0006 

1741 

18 

Feb.    2 

88. 
Feb.    3 

i                 1 

Slight.          i  Slight. 

0.0. 

I 

6.20 

_ 

.0000 

.0062 

i 

.90 

] 

.1200 

.0007 

1880    Feb.  21 

Feb.  23 

None.          ,  Very  slight. 

0.0 

6.65 

~ 

- 

.0000 

.0054 

.85, 

.1000 

.0006 

2064 

Mar.  20 

Mar.  21 

Slight.           Very  slight. 

0.0, 

5.60 

- 

.0000 

.0046 

.89 

.1200 

.0008 

2244 

Apr.  18 

Apr.  18 

j  Decided.     INone. 

0.0 1 

5.75 

- 

- 

.0000 

.0050 

.88' 

.1000 

.0006 

2443    May'l6 

May  17 

1  Distinct,        None. 

0.0; 

5.85 

_ 

_ 

.0000 

.0060 

.85, 

.0850 

.0010 

1 

green. 

2739 

July    6 

July    9 

Slight. 

Slight, 
white. 

0.0 

6.80 

- 

- 

.0022 

.0140 
.0050 

.84 

.0700 

.0010 

2780 

July  16 

July  17 

Slight. 

""^Zt^T' 

0.0 

6.30 

- 

- 

.0004 

.0164 
.0044 

.86 

.0750 

.0008 

3021 

Aug.  22 

Aug.  24 

Very  slight. 

Very  slight. 

0.0 

6.05 

- 

- 

.0026 

.0056 
.0084 

.80 

.0780 

.0002 

3256 

Sept.  25 

Sept.  25 

None. 
,  None. 

None. 

0.0, 

6.25 
5.95 

- 

.0004 

.0024 
.0014 

.83 

.0800 

.0001 

3490 

Nov.    6 

Nov.    7 

Very  slight. 

0.0 

5.46 

- 

- 

.0000 

.0024 
.0018 

.80 

.0900 

.0000 

3644 

Dec.    3 

Dec.    4 

None. 

None. 

0.0 

5.80 

_ 

- 

.0000 

.0032 

.81 

.0900 

.0000 

3713 

Dec.  13 

Dec.  14 

None. 

Slight. 

0.0 

5.80 

- 

- 

.0000 

.0018 

.84 

.0800 

.0000 

3953 

18 

Feb.     3 

89. 

Feb.    4 

^X""' 

Slight, 
black. 

0.0 

6.05 

- 

- 

.0024 

.0180 

.84 

.0800 

.0000 

4100 

Feb.  22 

Feb.  23 

None. 

Very  slight. 

0.0 

5.90 

- 

- 

.0000 

.0026 
.0018 

.84 

.0700 

.0003 

4327 

Mar.  18 

Mar.  18 

Slight. 

SUght. 

0.0 

5.76 

- 

- 

.0006 

.0064 

.76 

.0780 

.0001 

4492 

Apr.  10 

Apr.  10 

Very  slight. 

Very  slight. 

0.0 

4.95 
6.89 

- 

.0004 

.0024 

.70 

.0600 

.0001 

Av. 

0.0 

- 

.0005 

.0063 

.88 

.0004 

.0004 

Hardness  in  May,  1888, 2.1.  Odor,  none,  except  sample  3021, 
The  samples  were  collected  from  the  reservoir.  The  reservoir  v 
No.  2780  was  collected. 


which  was  distinctly  disagreeable 

as  being  roofed  over  at  the  time  sample 
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Microscopical  Examination. 


t9HH, 

1880. 

1 
July.,  July. 

AUR. 

Sept  Nov.  Dec. 

1 
Dec.: 

Feb. 

Feb. 

Mar. 

Apr. 

1.  Blue-green  AIgm, 

0.0 

0.0 

0.0 

pr. 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

2-  Other  Alga . 

11.8 

1.4 

0.8 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.4 

0.0 

3.  Pangl 

0.3 

0.1 

0.0 

pr. 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms, 

pr. 

0.0 

0.0 

0.0 

0.0  1  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Groups  and  principal  genera  of  organisms  observed:    1.  Cyanophyceas.     2.  Palmellace»;   Zoo. 
mporem,  Scenede«mu€ ;  Desmldiacen;  DiulomAceie,  Sjfnedra.    3.  Schizomyoetes.    4.  Protozoa. 


Chemical  Examination  of  Water  from  the  Wells  formerly  used  by  the  Kingston 

Aqueduct  Company. 

[I'arts  per  100,000.] 


Date  of 

APPBARA5CB. 

EVAPOBATIOK.       1;     AMMOKIA. 

6 

NrraoGKN 

AS 

Number. 
Collection. 

.1 

1 

s 

J 

1 

1-^ 

i 

1 

il 

< 

1 

5 

'A 

1            IS 
1M2    Mar.   2 

88. 
Mar.    3 

None. 

811%  rusty. 

0.0 

- 

.0000 

1 

.0040 

1.08 

.2500 

.0000 

Odor,  none.— —  The  sample  was  collected  from  a  faucet  near  the  pump  at  the  wells. 


Chemical  Examination  of  Water  from  Jones  River  at  Kingston. 

[Parts  per  100,000.] 


Date  of 

Afpeabamob. 

Rbsiduk  ok 
Evaporation. 

AlflfOKXA. 

j 

NITBOOKK 
AS 

s 

1 

a 

1 

1 

1 

I 

it 

1 

1 

is 

1 

1 

i 

18 

10«    Oct.  27 

1 

87. 
Oct.  88 

Very  slight. 

Srt,  brown. 

0.45 

4.80 

1.70 

3.10 

.0004 

.0167 

.70 

.0030 

- 

Odor,  mouldy.  — The  sample  was  collected  from  the  river  near  the  pumping  station  of  the 
Kingston  Water  WorlLS. 
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Lakeville. 

Chemical  Examinaiion  of  Water  from  Assawompselt  Forid  in  Lakevilk, 

[Parts  per  100,000.] 


Datk  or 

Appbarakce. 

Rksidck  ok 
Evaporation. 

Ammonia. 

1 

i ! 

NiTROOSX 
AS 

55 

6 

il 

^ 

1 

5 

I 

si 

1 

1 

< 

1 

^ 

97 

18 

June  14 

87. 

June  15 

Decided. 

Heavy, 
brown. 

0.80 

1 
4.32 

2.25 

2.07 

.0002 

.0206 

- 

.0000 

- 

703 

Sept.  7 

Sept.   8 

Distinct. 

SUght. 

0.10 

1   2.95 

0.90 

2.05 

.0009 

.0154 

.48 

.0030 

- 

15W 

18|88. 

Jan.  15   Jan.  16 

1 

Slight. 

Slight, 
white. 

0.20 

3.55 

1.30 

2.25 

.0002 

.0268 

.46 

1 

.0050 

.0000 

2499 

May  23  May  24 

1 

Slight. 

Slight, 
brown. 

0.40 

4.86 

1.40 

3.45 

.0000 

.0208 

.44 

.0010 

.0001 

Av. 

0.38 

3.92 

1.46 

2.46 

.0003 

.0209 

.46 

.0023 

1 

Hardness  in  May,  1888, 1.0.  Odor,  faintly  vegetable.  —^  Sample  Xo.  97  was  collected  near  the  shore 
of  the  pond  five  feet  beneath  the  surface.  A  strong  wind  was  blowing  at  the  time  the  sample  was 
collected.  Sample  No.  708  was  collected  about  4,000  feet  from  the  shore  and  from  seven  to  ten  feet 
beneath  the  surface.    The  remaining  samples  were  collected  near  the  shore  of  the  pond. 

Microscopical  Examinaiion, 

May,  1888.    1.  Blue-green  algas,  0.0;   2.  Other  algae,  pr. ;  3.  Fungi,  0.0;  4.  Animal  forms,  pr. 
Groups  and  principal  genera  of  organisms  observed :   2.  DesmidiacesB ;  DiatomaceaB.    4.  Spongiaria ; 
Entomostraca. 


Chemical  Examinaiion  of  Water  from  Little  Quitta^as  Pond  in  Lakeville. 

[Parts  per  100,000.] 


Date  of 

Afpkarancb. 

Rbsidub  on       I 
Evaporation.     1 

Ammonia. 

1 
1 

NiTROQKM 
AS 

1 

a 
35 

1 

|3  ! 

f 

^ 

1 

1 

1 

1 

1 

S 
g 

5?5 

96 

June  14 

87. 
June  15 

Slight. 

Slight. 

0.30 

2.87 

1.45 

1.42 

.0000 

.0129 

.55 

.0000 !   - 

691 

Sept.  5 

Sept.   6 

Slight. 

Slight. 

0.15 

2.97 

0.87 

2.10 

.0007 

.0170 

.48 

.0070!    - 

1705 

18 

Jan.  30 

88. 
Jan.  31 

Very  slight. 

SUght, 
white. 

0.10 

3.25 

1.30 

1.95 

.0000 

.0178 

.54 

[ 

.0070 

.0000 

2535 

May  29 

May  81 

SUght. 

Very  slight. 

0.20 

2.75 

1.00 

1.75 

.0006 

.01&4 

.43 

.0000 

.0001 

Av. 

0.19 

2.96 

1.15 

1.81 

1.0003 

.0160 

50 

.  nn?» 

1 

Hardness  in  May.  1888,  0.8.    Odor,  faintly  vegetable. The  samp^s  were  collected  from  near  the 

middle  of  the  pond  five  feet  beneath  the  surface. 
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Microscopical  ExamincUion. 

May,  1888.    1.  Blae-green  algaB,  0.0 ;   2.  Other  algas,  pr. ;   3.  Fnngl,  0.0;   4.  Animal  formsi  0.0. 
Oroupa  and  principal  genera  of  organiains  obaerred :    2.  PaImeUaoe»;  DeamldJacett;  Diatomaoe». 


ChemiccU  ExamincUion  of  Water  from  Elder'* s  Pond  in  Lakeville. 

[Parts  per  100,000.] 


Datb  or 

RsaiDDB  o« 
SVAPOBATIOW. 

Ammoitia. 

, 

MlTROOKH 

▲a 

s 

j 

f 

1 

1 

1 

§1 

1 

i 

il 

S 

S 

18 

87. 

i 

702 

Sept.  7 
18 

Sept.  8 
88. 

Slight. 

81%  brown. 

0.00 

2.60 

0.68 

1.02 

.0004 

.0130 

.41 

.0080 

~ 

2928 

May  28 

May  20 

Slight. 

Veryalight. 

0.06  1 

S.00 

0.46 

1.66 

1 

.0000 

.0188 

.86 

.0000 

.0000 

HardneM  in  May,  1888,  0.6.    Odor,  faintly  vegeUble. Sample  No.  702  waa  collected  from  the 

pond  aboat  500  feet  from  the  eaat  ahore.    Sample  No.  2623  waa  collected  from  the  pond  doae  to  the  afaore. 


Microscopical  ExamincUion, 

May,  1898.    1.  Blue-green  algn,  0.0 ;  2.  Other  algsB,  pr. ;  3.  Fungi,  0.0;  4.  Animal  forma,  pr. 
Groapa  and  principal  genera  of  organiama  observed :    2.  Palmellaoen ;  Dlatomacen.    4.  Protozoa. 


Water  Supply  of  Lancaster. — Lancaster  Water  Company. 
Description  of  Works. — Population  in  1885,  2,050.  The  Lan- 
caster Water  Company  owns  the  distributing  system  in  the  town 
and  purchases  water  from  the  town  of  Clinton.  Water  was  intro- 
duced in  1885.     See  Clinton, 


Water  Supply  op  Lawrence. 
Description    of    TTorA;*.  —  Population    in    1885,    38,862.      The 
works  are  owned  by  the   city.     Water  was  introduced  in   1875. 
The  average   daily  consumption   in  1888  was  2,677,000  gallons. 
The  source  of  supply  is  the  Merrimack  River  above  the  city,  where 
its  waters  are  ponded  by  the  dam  of  the  Essex  Company.     Water 
is  taken  from  the  river  directly,  and  is  also  taken  from  a  filter- 
gallery   near   the    river;    the   amount   coming  from   the  gallery, 
however,  is  but  a  small  proportion  of  the  whole.     The  Merrimack 
Eiver  above  the  Essex  Company's  dam  has  a  watershed  of  4,634 
^uare  miles,  containing  in  1885  a  population  of  362,803,  equal  to 
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78.3  persons  per  square  mile.     The  cities  and  towns  on  the  water- 
shed having  a  population  of  more  than  10,000  are  as  follows :  — 


city  or  Town. 

Lowell,  Mass.  (1885), 
Manchester,  N.  H.  (1880), 
Concord,  N.  II.  (1880), 
Nashua,  N.  H.  (1880), 
Fitxjhburg,  Mass.  (1885), 
Marlborough,  Mass.  (1885), 

Total,    .        .        .        . 


PopnlatioQ. 

64,107 
32,630 
13,848 
13,397 
12,429 
10,127 

146^33 


Lowell  is  situated  on  the  Merrimack  River  9  miles  above  the 
intake  of  the  Lawrence  Water  Works,  and  is  provided  with  sewers 
which  discharge  directly  into  the  river.  The  large  manufacturing 
establishments  in  this  city  also  turn  their  wastes  into  the  stream. 
All  of  the  other  cities  mentioned  are  at  a  greater  distance  from 
Lawrence. 

A  more  complete  description  of  the  Merrimack  valley  and  the 
conditions  affecting  the  purity  of  the  water  of  the  river  will  be 
found  subsequently  in  the  chapter  relating  to  "  Rivers." 

The  filter-gallery  is  300  feet  long,  8  feet  wide  and  8  feet  high. 
Its  bottom  is  15  feet  below  the  crest  of  the  Essex  Company's  dam. 
The  sides  of  the  gallery  are  of  rubble  masonry  and  the  roof  is  a 
brick  arch.  Water  enters  the  gallery  at  the  bottom,  which  is 
covered  with  a  layer  of  broken  stones.  Water  flows  by  gravity 
from  the  river  or  filter-gallery  or  both,  to  the  pump  well  from 
which  it  is  lifted  to  an  open  distributing  reservoir.  The  reservoir 
is  rectangular  in  shape,  694  feet  long,  375  feet  wide,  and  25  feet 
deep  at  high-water  mark.  Its  capacity  is  40,000,000  gallons,  equal 
to  15  days'  supply  at  the  rate  of  consumption  in  1888.  It  is 
separated  into  two  equal  compartments  by  a  division  embankment 
having  its  top  three  feet  below  high-water  mark. 

The  force  main  runs  through  this  embankment  to  the  middle  of 
the  reservoir,  where  it  turns  upward  and  discharges  upon  a  stone 
platform  from  which  the  water  falls  over  six  granite  steps  into  either 
or  both  compartments  of  the  reservoir.  The  object  of  this  arrange- 
ment is  to  aerate  the  water.  Water  is  distributed  through  cast-iron 
mains.  Rubber-lined  iron  was  first  adopted  for  service  pipes,  then 
galvanized  iron,  and  more  recently  lead.     Most  of  the  service  pipes 
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in  use  at  the  present  time  are  of  galvanized  iron.  Water  is  supplied 
from  the  Lawrence  Water  Works  to  a  portion  of  the  town  of 
Methuen. 


Chemical  Examination  of  Water  from  Uie  Merrimack  River  at  the  Intake  of  the 
Lawrence  Water  Works,  collected  One  Foot  beneath  the  Surface. 

[Parts  per  100,000.] 


Date  op 

APPKAKAirCK, 

Rksidcb  on 

EVAPOaATIOX. 

AUMOKIA. 

i 

NiTROGLN 
AS 

^^  ! 

j 

Exam- 
Inution. 

1 

1 

1 

1 

§1 

1-^ 

1 

1 

1 

c 

•< 

^ 

1 

108 

18 

JuDelo 

87. 

June  16 

Slight, 
milky. 

Consid'ble, 
brown. 

0.40 

4.02 

1.75 

2.27 

.0009 

.0207 

.17 

.0180 

1 

- 

345 

Jnly  16  July  16 

DisUnet. 

Slight. 

0.40 

4.40 

1.00 

3.40 

.0027 

.0170 

.19 

!.0070 

- 

6B2 

Aug.  19  Aug.  20 

1 

Decided. 

Considera- 
ble, earthy. 

0.55 

6.25 

1.42 

4.83 

.0069 

.0276 

.21 

.0130 

- 

798 

Sept.  16  [  Sept.  17 ' 

Slight. 

Slight. 

0.30 

4.65 

1.00 

8.65 

.0017 

.0192 

.24 

.0070 

- 

1009 

Oct.  21 

Oct.  22 

Slight. 

Sl'l,  earthy 
and  floc't. 

0.60 

4.95 

1.06 

3.90 

|.0034 

.0187 

.28 

.0080 

- 

1230 
IMS 

Nov.  18 

18 

Jan.  20 

Nov.  19 

88. 

Jan.  21 

Diatinct. 
Slight. 

Con., earthy 
and  floc't. 

Slight, 
earthy. 

0.66 
0.30 

4.65 
4.30 

1.20 
1.15 

3.45 
3.15 

.0018 

.0022 

1 

.0234 
.0140 

.24 
.17 

.0100 
.0180 

.0001 

1850 

Feb.  17 

Feb.  18 

'  Distinct. 

Slight. 

0.30 

4.15 

1.05 

3.10 

.0051 

.0204 

.25 

.0120 

.0001 

3026 

Mar.  16 

Mar.  17 

Distinct. 

Very  slight. 

0.20 

3.85 

1.00 

2.86 

.0080 

.0179 

.19 

.0100 

.0001 

2274 

Apr.  20 

Apr.  21 

Distinct. 

Con. .earthy 
and  fibr'us. 

0.25 

6.05 
2.60 

0.65 
0.80 

5.40 
1.80 

.0004 

.0130 

.11 

.0090 

.0003 

2496 

May  22 

May  24 

Decided. 

Much, 
earthy. 

- 

- 

- 

.0000 

.0146 

- 

- 

- 

2819 

June  15 

June  16 

Distinct. 

Considera. 
ble. 

0.30 

3.80 

0.80 

2.70 

.0028 

.0196 
.0116 

.20 

.0080 

.0002 

2814 

July  20 

July  23 

SUght. 

Very  slight. 

0.15 

1 

3.65 

0.85 

8.80 

.0064 

.0198 
.0156 

.18 

.0060 

.0002 

2973 

Aug.  17 

Aug.  18 

Slight. 

Slight, 
earthy. 

0.25 

'  3.80 

0.80 

2.80 

.0046 

.0190 
.0156 

.26 

.0100 

.0002 

2975 

Aug.  17 

Aug.  18 

Slight. 

Slight, 
earthy. 

0.25 

8.85 

0.80 

2.85 

.0030 

.0190 
.0146 

.24 

.0100 

.0002 

2974 

Aug.  17 

Aug.  18 

SUght. 

Slight, 
earthy. 

0.25 

3.80 

0.80 

3.10 

.0048 

.0226 
.0154 

.23 

.0120 

.0002 

3243   Sept.  21 

Sept.  32 

Very  slight. 

Considera- 
ble,eanhy. 

0.15 

3.80 

1.35 

2.45 

.0040 

.0222 
.0180 

.17 

.0100 

.0008 

34061  Oct.   19    Oct.  20 

Distinct. 

Considera- 
ble, earthy. 

0.70 

3.80 

1.60 

2.30 

.0000 

.0164 
.0148 

.14 

.0050 

.0003 

mrjoet.   19    Oct.  20 

Slight. 

Slight, 
earthy. 

0.60 

3.65 

1.45 

2.20 

.0002 

.0186 
.0164 

.15 

.0070 

.0002 

8505  /Nov.  16   Nov.  17  j;  Decided. 

Considera. 
ble. 

0.45 

3.20 

1.30 

1.80 

.0000 

1 

.0192 
.0158 

.14 

.0060 

.0005 

Digitized  by 


Google 


176 


WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


Chemical  Examination  of  Water  from  the  Merrimack  Siver  at  the  Intake  of  the 
Lawrence  Water  Works,  collected  One  Foot  beneath  the  Surface — Concluded. 


DATS  OF 

Appbasamok. 

Rksidub  ov 

EVAPOBATION. 

Ahxovia. 

j 

KiTKOGSlI 
A8 

1 
i 

'A 

j 

1 

Sediment. 

1 

i 

§1 

i 

1 

1^ 

< 

^ 

1 

E 

3876 

IS 

Jan.  18 

Jan.  19 

Distinct. 

Con.,earthy 
and  floc'i. 

0.15 

2.95 

0.90 

2.05 

.0006 

.0138 
.0098 

.13 

.0060 

.0003 

4089 

Feb.  22 

Feb.  23 

SUght. 

Slight. 

0.20 

3.3S 

1.05 

2.30 

.0006 

.0126 
.0102 

.17 

.0180 

.0004 

4380 

Mar.  22 

Mar.  23 

Slight. 

Con.,  light 

gray. 

0.25 

8.10 

0.75 

2.35 

.0006 

.0124 
.0100 

.11 

.0040 

.0006 

4543 

Apr.  19 

Apr.  20 

Slight. 

Con., earthy 
and  floc't. 

0.25 

2.70 

0.75 

1.95 

.0008 

.0152 
.0122 

.12 

.0060 

.0003 

4687 

May  17 

May  18 

Distinct. 

Con. .earthy 
and  floc't. 

0.30 

8.35 

0.90 

«.« 

.0030 

.0164 
.0146 

.18 

.0060 

.0004 

At. 

0.33 

4.73 

1.13 

8.60 

.0023 

.0180 

.18-0001 

.0003 

1 

NoTB.  —  In  making  the  above  average,  the  mean  analysis  has  been  osed  where  more  than  one 
analysis  Is  given  for  any  day. 

Hardness  In  May,  1888, 1.1.  Odor,  very  faintly  vegetable,  often  none, occasionally  monldy.— -The 
samples  were  collected  from  the  river  over  the  end  of  the  intake  pipe  of  the  Lawrence  Water  Works, 
one  foot  beneath  the  surface,  nntil  August,  1888.  After  that  time  they  were  generally  collected  from  the 
middle  of  the  river  opposite  the  intake.  No.  2973  was  collected  about  one  foot  beneath  the  surface,  half 
way  between  the  north  bank  and  the  middle  of  the  river.  No.  2975  was  collected  from  the  middle  of  the 
river.  No. 2974  was  collected  midway  between  the  middle  of  the  river  and  the  south  bank.  No.  S242 
was  collected  from  the  middle  of  the  south  half  of  the  river.  Nos.  3406  and  8407  were  from  the  north 
and  south  halves  of  the  river  resx>ectlvely.  For  volumes  of  water  flowing  in  the  river  at  times  when 
samples  of  water  were  collected  for  analysis,  see  page  183. 


Microscopical  Examination, 


1888.                                          1 

1889. 

June.' July.  Aug}  Aug.  AngJsept.  i  Oct. 

1          1 
Oct.  Nov. 

Jan. 

Feb.  Mar. 

Apr. 

M*y. 

1.  Blue-green  AlgSB, 

pr. 

0.0 

0.0 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

2.  Other  AlgSB,        .        . 

5.4 

4.5 

4.8 

3.2 

5.0 

0.8 

0.1 

0.2 

pr. 

0.9 

0.3 

1.3 

1.7 

0.5 

3.  Fungi 

2.0 

3.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  j 

0.0 

0.0 

pr.  1  0.0 

0.0 

4.  Animal  Forms,  . 

0.1     pr.  1  0.2     0.4 

pr. 

pr. 

0.0 

0.0 

0.0  1 

0.0 

0.0  J  0.2  1  pr. 

0.0 

Groups  and  principal  genera  of  organisms  observed:  1.  Cyanophycese.  2.  PalmellaoesB,  CMoro- 
COCCU9;  Zoosporett;  Desmidiacea;  Diatomacett,  Syfudra^  Tabellaria,  3.  Schizomyeetes,  Orenothrix^ 
Leptothrix.    4.  Protozoa;  Rotifera. 
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Chemical  Examination  of  Water  from  the  Merrimack  River  at  the  Intake  of  the 
Lawrence  Water  Works,  collected  Six  Feet  or  more  beneath  the  Surface. 

[Part<  p«r  100,000.] 


Datb  op 

APPBASANCB. 

Rbsidck  on 
evapobation. 

Ammohia. 

1 

NiTKOOKK 
AS 

i 

s 

a 
9i 

1 

1' 

1 

u 

1 

1 

4 

1 

i 

i^ 

1 
1 

9; 

107 

IS 

June  15 

87. 

June  16 

SUght, 
milky. 

Consid'ble, 
brown. 

0.40 

4.80 

i.n 

3.03 

.0004 

.0170 

.17 

.0060 

- 

947 

jQly  15 

July  16 

SUght. 

OonBld'ble, 
brown. 

0.40 

4.80 

1.00 

8.80 

.0025 

.0177 

.16 

.0070 

- 

£83 

▲og.  19 

Aug.  20 

Decided. 

CoDBid'ble, 
earthy. 

0.55 

6.55 

1.87 

5.18 

.0034 

.0258 

.21 

.0180 

- 

799 

Sept.  16 

Sept.  17 

Slight. 

Slight.        , 

0.30 

4.75 

0.90 

3.85 

.0012 

.0194 

.27 

.0260 

- 

1010 

Oct.  21 

Oct.  22 

Very  Blight. 

SU't,  earthy 
and  floc't. 

0;50 

4.65 

0.65 

4.00 

.0088 

.0210 

.27 

.0100 

- 

1221 
1^9 

Nov.  18 
JuB.  20 

Nov.  19 

88. 

Jan   31 

Decided. 
Slight. 

Con.,e'rthy 
aud  floc*t. 

Very  alight. 

0.66 
0.25 

4.85 
4.05 

1.25 
1.05 

8.60 

8.00 

1 

.0018 
.0018 

.0217 
.0142 

.23 

.16 

.0100 
.0180 

.0001 

1860 

Feb.  17 

Feb.  18 

Slight. 

Very  slight. 

0.80 

4.15 

1.10 

3.05 

.0042 

.0184 

.22 

.0150 

.0001 

^027 

Mar.  16 

Mar,  17 

Diattnet. 

Very  Blight. 

0.2& 

3.90 

1.05 

2.85 

.0029 

.0174 

.20 

.0150 

.0002 

2275 

Apr.  20 

Apr.  21 

Dietlnot. 

Much.e»rthy 
and  flbr'ua. 

0.25 

7.15 
2.55 

0.80 
0.86 

6.35 
1.70 

.0003 

.0134 

.10 

.0100 

.0008 

2494 

May  22 

May  24 

Decided. 

Mnch.eVthy 
and  fibr'us. 

- 

- 

- 

- 

.0004 

.0160 

- 

- 

- 

2020 

Jnne 15 

June  16 

Dlatinet. 

Conaid'ble. 

0.50 

3.50 

1.10 

2.40 

.0036 

.0180 
.0154 

.20 

.0080 

.0002 

2815 

July  20 

July  23 

Slight. 

Sll't.  earthy 
and  floc't. 

0.15 
0.38 

8.66 
4.96 

0.70 

1 
1 

2.95 

.0078 

.0204 
.0150 

.21 

.0050 

.0002 

Av. 

1.00 

3.87 

.0026 

.0184 

.20 

1 

.0119 

.0002 

Hardness  in  May,  1888,  1.1.  Odor,  very  faintly  vegetable,  occaBionally  moaldy.— — >The  BampleB 
were  collected  from  the  river  six  feet  beneath  the  surface,  with  the  exception  of  Nob.  2494  and  2620, 
which  were  collected  at  eight  feet  beneath  the  surface,  and  No.  2276,  which  waa  collected  at  ten  feet 
beneath  the  surface.  For  volumes  of  water  flowing  in  the  river  at  times  when  samples  of  water  were 
eollected  for  analysia,  see  page  183. 


Microscopical 

Examination. 

• 

1888. 

March. 

April. 

May. 

Jane. 

July. 

2.    BluC'green  Alg»,- 

a.    Other  Alg», 

8-    Fungi, 

0.0 
pr. 
0.0 

0.0 
pr. 
0.0 
0.0 

0.0 
pr. 
0.0 
0.0 

0.0 
1.2 
1.0 
0.0 

0.0 
9.3 

1.0 

4.    Animal  Forms,     . 

0.0 

0.1 

Oronpa  and  principal  genera  of  organisms  obaerved  :    2.  Palmellacew,  Chlorococcw ;  Zoo8pore»; 
DesmJdiaceiD ;  Dlatomacett,  Synedra.    3.  Schlzomyoetee,  Orenothrix,  Leptothrix,    4.  Protozoa. 
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WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


Chemical  Examination  of  Water  from  the  Force  Main  at  the  Pumping  Station  of 
the  Lawrence  Water  Works. 

[Parta  per  100,000.] 


Datb  of 

Appsasancb. 

RESIOnE  ON 

Evaporation. 

AlfXOMIA. 

1 

NiTSOGBSr 
AS 

1 

1 

il 

H 

1 

1 

i 

§1 

1^ 

i 

K 

1 

9*3 

s 

• 

110 

18 

Jane  15 

87. 

June  16 

Sl't,  milky. 

Con.,brown. 

0.80 

4.65 

1.95 

2.70 

.0010 

.0154 

.17 

.0190 

_ 

a48 

July  16 

July  16 

Slight. 

Con.,brown. 

0.40 

4.75 
6.55 

1.00 

3.75 

.0022 

.0176 

.17    .0100 

- 

684 

Aug.  19 

Aug.  20 

Decided. 

Con.,eart.hy 
and  floc't. 

0.65 

1.87 

5.18 

.0038 

.0259 

.21 

.0180 

- 

801 

Sept.  16 

Sept.  17 

Decided. 

Sl't,  earthy. 

0.20 

4.95 

0.90 

4.05 

.0014 

.0193 

.25 

.0130 

- 

1012 

Oct.  21 

Oct.  22 

Slight. 

Sl't,  earthy 
and  floc't. 

0.45 

6.00 

1.80 

4.70 

.0026 

.0194 

.28 

.0150 

- 

1223 

Nov.  18 

Nov.  19 

Distinct. 

Sl't,  earthy 
and  floc't. 

0.65 

5.30 

1.40 

8.90 

.0012 

.0235 

.26 

.0100 

- 

1430 
1651 

Dec.  15 

18 

Jan.  20 

Dec.  17 

88. 
Jan.  21 

Distinct. 
DisUnct. 

srt,  earthy 
and  floc't. 

Sl't,  earthy 
and  floc't. 

0.45 
0.30 

6.15 
4.35 

1.45 
1.25 

4.70 
3.10 

.0010 
.0022 

.0232 
.0134 

.20 
.15 

.0180 
.0200 

.0001 

1862 

Feb.  17 

Feb.  18 

Distinct. 

srt,  white. 

0-.30 

4.20 

0.95 

3.25 

.0045 

.0158  I 

.23 

.0180 

.0001 

2028 

Mar.  16 

Mar.  17 

Distinct. 

Slight. 

0.25 

4.30 

1.20 

3.10 

.0030 

.0172  1 

.21 

.0200 

.0002 

2276 

Apr.  20 

Apr.  21 

Distinct. 

Con.,earthy 
and  floc't. 

0.25 

7.60 

2.80 

0.80 
0.90 

6.80 
1.90 

.0000 

.0126 

.14 

.0250 

.0002 

2497 

May  22 

May  24 

Decided. 

Sl't,  earthy 
and  floc't. 

- 

- 

r 

- 

.0004 

.0144, 

- 

- 

2816 

July  20 

July  21 

Slight. 

Considera- 
ble. 

0.10 

3.85 

0.60 

3.25 

.0052 

.0204 
.0140, 

.20 

.0170, .0002 

2976 

Aug.  17 

Aug.  18 

Slight. 

srt,  earthy 
and  floc't. 

0.20 

3.80 

0.85 

2.95 

.0064 

.0168  1 
.0146' 

•" 

.0150  .0002 

1 

8248 

Sept.  21 

Sept.  22 

Slight. 

Sl't,  earthy 
and  floc't. 

0.20 

3.80 

1.46 

2.35 

.0036 

.0186 
.0152 

.19 

1 

.0100 

.ooos 

8408 

Oct.   19 

Oct.  20 
Nov.  17 

Distinct. 

Sli't,  gray. 

0.60 

8.80 

1.30 

2.50 

.0000 

.0164 
.0128 

.lol 

.0150 

.oooa 

3566 

Nov.  16 

Distinct. 

Considera- 
ble, gray. 

0.45 

3.60 

1.35 

2.25 

.0000 

.0182 
.0146 1 

.15 

.0080 

.OOM 

3720 
3877 

Dec.  14 

18 

Jan.  18 

Dec.  15 

80. 

Jan.  19 

Distinct. 
Distinct. 

Con., earthy 
and  floc't. 

Con., earthy 
and  floc't. 

0.15 
0.15 

3.75 
3.20 

1.15 
1.00 

2.60 
2.20 

.0006 
.0004 

.0124 ' 
.0086 

.0142 
.0110 

.21 
.17 

.0120 
.0100 

.0003 

.0004 

4090 

Feb.  22 

Feb.  23 

Decided. 

Slight. 

0.20 

3.60 

1.20 

2.40 

.0048 

.0148 
.0102 

.21 

.0320  .0000 

4382 

Mar.  22 

Mar.  23 

Slight. 

Con.,  light 
gray. 

0.20 

3.00 

0.85 

2.15 

.0000 

.0110 
.0092 , 

.u' 

.0050 

.0003 

4544 

Apr.  19 

Apr.  20 

Slight. 

Con. .earthy 
and  floc't. 

0.20 

2.75 

0.80 

1.95 

.0006  .0164  1 
1.0120 

.12 

.0080 

.0002 

4688 

May  17 

May  18 

Distinct. 

Con., earthy 
and  floc't. 

0.25 

3.55 

1.10 

2.45 

.0024  .0186 
.0152 

.19 

.0030 

.0004 

Av. 

1 

II 

0.31 

6.35 

1.23 

4.12 

.0020  .0171 

1 

.19| 

.0144 

.0002 

Hardness  in  May,  1888,  1.1.    Odor,  very  faintly  vegetable,  often  none,  occasionally  mouldy. . 

The  samples  were  collected  from  a  faucet  in  the  check-vnlve  just  beyond  the  pump,  and  represent  a 
mixture  of  water  from  the  river  and  the  filter-gallery,  though  but  a  small  part  of  the  water  comes  from 
the  latter  source. 
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Microscopical  Examination, 

1S88. 

18S9. 

July. 

Aug. 

Sept. 

Oct. 

1 
Nov.  Dec. 

Jan. 

Feb.  1  Mar. 

1 
Apr.  j  May. 

1.  Bloe-green  Algao,   . 

. 

0.0 

0.0 

0.0 

pr. 

0.0  '  0.0 

1 

0.0 

0.0 

0.0, 

0.0 

0.0 

2.  Other  AJg»,    .        .        . 

. 

7.0 

2.6 

0.4 

2.7 

0.3     0.8 

0.6 

1.2 

2.0 

0.2 

0.2 

S.  Fangi 

. 

4.0 

0.0 

0.0 

0.0 

0.0  i  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Fonns, 

.      .      . 

pr. 

0.1 

0.0 

0.0 

pr.  I  0.0 

1 

1  0.0 

1 

pr. 

0.0 

0.0 

0.0 

Groapa  and  prioclpal  geDera  of  organiBms  observed:  1.  Cyanophyoeso.  2.  Palmellaceie,  CMoro- 
eoccu»,  Botryocoetntt;  ZoosporesB;  DesmldiacesB ;  Dlatomaceae,  Synedra,  Tabtllaria.  3.  Schizo- 
myoetea,  Crenothrix.    4.  Protozoa. 


Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  (he  Lawrence 

Water  Works. 

[Parto  per  100,000.] 


Datb  or 

Appsasakcb. 

RSSIDUK  ON 

Evaporation. 

1 

1    AlflfpNIA. 

NrraooBN 

1            AS 

£ 

j 

f 

«i 

1 

I 

§1 

1 

1 

< 

S 

9a 

119 

100   Jane  15 

S7. 

Juno  16 

Sli't,  milky. 

Slight. 

0.30 

3.60 

1.62 

1.98 

.0014 

.0129 

.14 

.0190 

. 

346    July  15 

July  16 

Very  Blight. 

None. 

0.40 

8.70 

0.90 

2.80 

.0037 

.0150 

.13 

.0100 

- 

585 

Aug.  19 

Aug.  20 

None. 

Very  slight.  0.50 

4.15 

0.82 

3.83 

.0041 

.0183 

.14 

.0130 

- 

800 

Sept.  16 

Sept.  17 

.Very  ■light. 

Very  Blight. 

0.30 

4.25 

0.85 

3.40 

.0029 

.0170 

.19 

.0130 

- 

1011 

Oct.  21 

Oct.  22 

Very  slight. 

Sll't,earthy 
and  floo't. 

0.45 

4.40 

0.90 

3.50 

.0028 

.0162 

.23 

.0150 

- 

1222   Nov.  18 

Nov.  19 

Distinct. 

Sli't,  white. 

0.26 

4.20 

0.80 

3.40 

.0031 

.0179 

.27 

.0180 

- 

1429 

Dec.  15 

Dec.  17 

Slight. 

SU't,  white. 

0.30 

4.40 

1.10 

3.30 

.0017 

.0162 

.24 

.0180 

- 

1660 

18  S8. 

Jan.  20  Jan.  21 

1 

Slight. 

Sll't,earthy 
and  floc't. 

0.30 

3.95 

1.05 

2.90 

.0016 

.0132 

! 

.    .16 

.0250 

.0001 

1861 

Feb.  17 

Feb.  18 

Very  Blight. 

Slight. 

0.30 

4.20 !  1.10 

3.10 

.0043 

.0162 

.24 

.0180 

.0001 

2029 

Mar.  16 

Mar.  17 

Distinct. 

Very  slight. 

0.25 

3.80 

1.00 

2.80 

.0029 

.0144 

.18 

.0260 

.0001 

2277 

Apr.  20 

Apr.  21 

Slight. 

Sli't,  earthy 
and  floc't. 

0.25 

3.00 

0.76 

2.25 

.0018 

.0118 

.15 

.0200 

.0002 

2406 

May  22 

May  24 

Distinct. 

Con.,  earthy 
and  floc't. 

- 

- 

- 

- 

.0000 

.0148 

! 

- 

- 

2817 

July  20 

July  21 

Slight. 

VerysUght. 

0.15 

3.75 

0.90 

2.85 

.0046 

.0142 
.0132 

.20 

.0170 

.0002 

2977 

Aug- 17 

Aug.  18 

Very  slight. 

Very  slight. 

0.15 

4.25 

1.20 

3.05 

.0088 

1 

.0134 
.01261 

.221 

.0090 

.0002 

3244 

Sept.  21 

Sept.  22 

Very  slight. 

Slight. 

0.10 

3.90 

1.40 

2.50 

.0074  .0144 

.0132 

1 

.23  1 

.0180 

.0003 

3409 

Oct.  19 

1 

Oct.  20 

Very  slight. 

Very  slight.  0.70 

1 

8.95 

1.65 

2.30 

.OOO4L015O 
.0136 

.14 

.0120 

.0002 

SM7   Nov.  16 

Nov.  17 

Very  slight. 

SUght. 

0.30 

3.65 

1.40 

2.25 

.0002 '.0152 
'.0146 

.17 

.0080 

.0005 

3721 1  Dec.  14 

Dec.  15 

Slight. 

Considera- 
ble. 

0.20 

3.65 

1.40 

2.25 

.0004;. 0122 
|.0104 

.19 

1 

.0150 

.0008 
-4= 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Chemical  ExamttuUion  of  Water  from  the  Distributing  Reservoir  of  the  Larvrence 
Water  Works  —  Concluded. 


DATS  OF 

RsaiDDB  ov 
Evaporation. 

1 

1   NlTEOaKW 

^ 

j 

J 
P 

f 

«: 

1 

I 

§1 

1-^ 

1 

A 

s 

1 

8878 

18 

Jan.  18 

80. 

Jan.  19 

SUght. 

1 

Blight. 

0.15 

8.20 

0.95 

2.25 

.0002 

.0106 
.0094 

.17 

.0090 

.0003 

4091 

Feb.  22 

Feb.  23 

Very  Blight. 

Slight. 

0.20 

8.46 

0.90 

2.55 

.0004 

.0100 
.0076 

.17 

.0200 

.0004 

4381 

Mar.  22 

Mar.  23 

VeryaUght. 

Slight. 

0.20 

8.t0 

0.90 

2.80 

.0016 

.0116 
.0102 

.15 

.0090 

.0006 

4645 

Apr.  19 

Apr.  20 

VerynUght. 

Oon.t  earthy 
and  floc't. 

0.20 

2.90 

0.85 

2.05 

.0014 

.0130 
.0114 

.14 

.0090 

.0008 

4686 

May  17 

May  18 

Slight. 

VeryaUght. 

0.15 

8.15 
8.97 

1.05 
0.99 

2.10 

.0016 

.0142 
.0120 

.15 

.0130 

.0003 

Av. 



0.28 

2.98 

.0025 

.0142 

.18 

.0151 

.0003 

Hardness  In  May,  1888, 1.0.    Odor,  very  faintly  vegetable,  often  none,  occaaionally  mouldy. The 

samplea  were  collected  from  a  faucet  in  the  gate-houae,  and  represent  water  flowing  out  of  the  reservoir. 

Microscopical  ExaminaHon. 


1888. 

1889. 

July. 

Aug. 

Sept 

OQt. 

K.r. 

Dec 

Jan. 

Feb. 

Mar.  j  Apr. 

May. 

1.  Blue-green  Alg», 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  OtherAlgs 

1.9 

8.8 

10.1 

0.0 

0.0 

0.2 

pr. 

0.7 

1.1 

1.1 

0.3 

8.  Fungi, 

0.7 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

4.  Animal  Forms 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

pr. 

pr. 

0.1 

pr. 

pr. 

Groups  and  principal  genera  of  organisms  observed :  1.  Cyanopbycese.  2.  Palraellace«e,  Chloro- 
COCCU9;  Zoosporeaa;  I)latomacefle;  Zygnemacece.  8.  Schizomycetes.  4.  Protozoa;  Spongiaria; 
Entomostraca. 


Chemical  Examination  of  Water  from  a  Faucet  at  the  Experimental  Station  of  the 
State  Board  of  Health  at  Lawrence, 

[Parts  per  100,000.] 


Datk  of 

Appeaxakcb. 

BSBIDUS  OK 
EVAPOKATIOH. 

AjfMOKIA. 

j 

NrrROOBir 

AS 

1 

1 

sl 

f 

t 

s 

1 

^ 

i 

1 

< 

i 

1 

- 

18 

Jan.    2 

Jan.    4 
Jan.    6 
Jan.    9 

88. 

Jan.    3 

Jan.    5 
Jan.    7 
Jan.  10 

- 

- 

- 

4.40 
4.10 
4.00 
3.85 

1.40 
1.80 
1.30 
1.20 

8.00 
2.80 
2.70 
2.65 

.0034 
.0030 
.0016 
.0040 

.0152 
.0132 
.0140 
.0130 

.17 
.19 
.21 
.16 

.0050 
.0070 
.0100 
.0250 

.odoo 

.0000 
.0000 
.0000 
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Chemiceil  Examination  of  Water  from  a  Faucet  at  the  Experimental  Station  of  the 
State  Board  of  Health  at  Lawrence —  Continued. 


DATS  or 

APPBABAUCS. 

Rksidcb  on 

EVArOBATION. 

AxMOiriA. 

6 

1  NITROOKN 
AS 

% 

|. 

1^ 

f 

i 

1 

1 

i 

i 

1 

1^ 

< 

^ 

S 

_ 

IS 

Jan.  11 

Jan.  12 

« 

_ 

_ 

3.90 

1.30 

2.60 

1 

.0036 

.0130 

.13 

.0250 

.0000 

- 

Jan.  IS 

Jan.  16 

- 

- 

- 

3.80 

1.10 

2.70 

.0022 

.0110 

.19 

.0250 

.0000 

- 

Jan.  19 

Jan.  20, 

- 

- 

- 

3.95 

1.80 

2.65 

.0016 

.0002 

.12 

.0100 

.0001 

- 

Jan.  23 

Jan.  24 ' 

- 

- 

- 

4.05 

1.30 

2.75 

.0030 

.0132 

.17 

.0090 

.0000 

-     Jan.  20 

Jan.  27 

- 

- 

- 

4.20 

1.40 

2.80 

.0022 

.0122 

.20  j 

.0200 

.0000 

-     Jan.  30 

Jan.  31 

- 

- 

- 

4.35 

1.20 

3.15    .0026 

.0114 

.15 

.0100 

.0006 

- 

Feb.    2 

Feb.    3 

- 

- 

- 

4.20 

1.45 

2.75 

.0034 

.0112 

.18 

.0250 

.0000 

- 

Feb.    6 

Feb.    7 

- 

- 

- 

4.25 

0.95 

8.30 

.0036 

.0120 

.27: 

.0150 

.ooco 

- 

Feb.    9 

Feb.  11 

- 

- 

•  .16 

4.20 

1.40 

2.80 

.0036 

.0112 ' 

.20 

.0180 

.0000 

- 

Feb.  18 

Feb.  16 

- 

.20 

4.05 

0.50 

3.55 

.0030 

.0118 

.26 

.0100 

.0000 

- 

Feb.  16 

Feb.  18 

- 

- 

.20 

3.75 

0.85 

2.90 

.0032 

.0116 

.26 

.0050'  .0000 

- 

Feb.  23 

Feb.  25 

- 

- 

.20 

4.05 

1.35 

2.70 

.0088 

.0116 

.22 

.0100  .0000 

- 

Itar.    1 

Mar.   2 

Slight. 

Slight, 
brown,floc. 

.85 

4.20 

1.20 

3.00 

.0044 

.0008 

.20  1 

1 

.0200 

-  JMar.   8 

Mar.    9 

Slight. 

Slight, 
brown.floo. 

- 

3.50 

1.20 

2.80 

.0032 

.0114 

.19 

.0250 

.0000 

- 

Mar.  15 

Mar.  16 

Slight. 

Blight 
brown,  floo. 

.80 

4.90 

1.70 

3.20 

.0028 

.0082 

.18 

.0200 

.0000 

- 

Mar.  22 

Mar.  23 

Slight.     » 

Veryslight. 

.30 

3.75 

1.00 

2.75 

.0032 

.0180 

.23 

.0200 

- 

- 

Mar.  29 

Mar.  30 

Slight. 

Slight, 
brown,  flo9. 

.35 

3.80 

1.05 

2.75; 

.0032 

.0114 

.21 

.0180 

.0002 

- 

Apr.   5 

Apr.   6 

BUght. 

Slight, 
browD,floo. 

.30 

3.15 

0.95 

2.20 

.0018 

.0102 

.25 

.0100 

- 

- 

Apr.  12 

Apr.  13 

Distinct. 

Slight. 

.20 

3.05 

0.70 

2.35 

.0016 

.0124 

.16 

.0100 

.0002 

- 

Apr.  19 

Apr.  20 

Distinct. 

Slight, 
brown,  floe. 

.20 

3.10 

0.75 

2.35 

.0026 

.0108 

.18 

.0180 

.0002 

- 

Apr.  20 

Apr.  27 

Distinct. 

Consld'ble. 
brown,  floe. 

.30 

4.05 

0.00 

3.15 

.0014 

.0102 

.15 

.0250 

.0002 

- 

May  lb 

May  11 

Distinct. 

Slight. 

.10 

3.40 

1.00 

2.40 

.0008 

.0082 

.12 

.0180 

.0001 

- 

May  17 

May  19    DlsUnct. 

Slight. 

.10 

3.50 

1.30 

2.20 

.0002 

.0112 

.12 

.0180 

.0003 

- 

May  24 

May  25    Decided. 

Consld'ble. 

.30 

3.65    1.50 

2.15 

.0008 

.0094 

.12 

.0150 

.0003 

- 

June  6 

June   6 

Very  slight. 

Veryslight. 

.30 

3.90 

0.80 

3.10 

.0008 

.0092 

.13 

.0150 

.0001 

- 

Jane  12 

Jane  13 

Veryslight. 

Veryslight. 

.30 

3.40 

1.44 

1.96 

.0001 

.0090 

.18 

.0120 

.0000 

- 

JnBel9 

Jane  20 

Slight. 

Slight. 

.20 

3.24 

1.00 

2.24 

.0008 

.0004 

.21 

.0120 

.0000 

.- 

Jane  26 

Jane  27 

Veryslight. 

Veryslight. 

.20 

3.68 

1.12 

2.56 

.0006 

.0104 

.19 

.0180 

.0000 

- 

Jaly    3 

Joly    5 

Veryslight. 

Veryslight. 

- 

4.00 

0.96 

3.04 

.0024 

.0100 

.24 

.0200 

.0000 

- 

Joly  10 

Jaly  11 

Veryslight. 

None. 

.10 

4.00 

0.80 

3.20 

.0064 

.01^ 

.22 

.0150 

.0006 

-    JnJylT 

July  18 

None. 

Slight. 

.10 

4.08 

1.08 

3.00 

.0004 

.0114 

.26 

.0280 

.0000 

-     Jaly24 

Jaly  25 

Ixone. 

1 

None. 

.25 

8.72 

0.76 

2.96 

.0006 

.0100 

.36 

.0300 

.0000 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Chemical  Examination  of  Water  from  a  Faucet  at  the  Experimental  Station  of  the 
State  Board  of  Health  at  Lawrence — Continued. 


Date  of 

APPBABiJICB. 

Rbsiddb  oh 
evapobation. 

AmOKIA. 

i 

1 

NiTBOQBV 
AS 

1 

j 

|l 

f 

1 

1 

i 

li 

1 

1 

IS 

s 

S5 

_ 

18 

July  31 

88. 

Aug.   1 

VeryaUght. 

VerysUght. 

.10 

3.84 

1.04 

2.80 

.0012 

.0120 

.23 

.0220 

.0000 

- 

Aug.  7 

Aug.   8 

Very  slight. 

VerysUght. 

.10 

4,60 

2.40 

2.20 

.0000 

.0120 

.83 

.0230 

.0000 

- 

Aug.  14 

Aug.  15 

VerysUght. 

VerysUght. 

.10 

4.04 

1.16 

2.88 

.0010 

.0096 

.29 

.0250 

.0000 

- 

Aug.  21 

Aag.22 

Very  slight. 

Verj'sUght. 

.05 

4.44 

2.64 

1.80 

.0010 

.0116 

.29 

.0200 

.0000 

- 

Aug.  28 

Aug.  29 

VerysUght. 

VerysUght. 

.10 

4.16 

1.56 

2.60 

.0008 

.0116 

.24 

.0220 

.0000 

- 

Sept.  4 

Sept.  5 

Very  slight. 

None. 

.05 

5.08 

2.32 

2.76 

.0002 

.0100 

.25 

.0220 

.0000 

- 

Sept.  6 

Sept.  7 

VerysUght. 

VerysUght. 

.15 

4.12 

0.52 

3.60 

.0026 

.0144 

.25 

.0230 

.0000 

- 

Sept.  11 

Sept.  12 

None. 

None. 

.10 

4.24 

1.40 

2.84 

.0012 

.0116 

.26 

.0220 

.0000 

- 

Sept.  18 

Sept.  19 

VerysUght. 

VerysUght. 

.05 

4.48 

1.44 

8.04 

.0006 

.0112 

.24 

.0240 

.0000 

- 

Sept.  25 

Sept.  26 

VerysUght. 

None. 

.10 

4.28 

1.04 

3.24 

.0016 

.0118 

.24 

.0280 

.0000 

- 

Oct.     2 

Oct.    3 

VerysUght. 

None. 

.40 

4.04 

1.44 

2.60 

.0014 

.0124 

.22 

.0220 

.0000 

- 

Oct.    9 

Oct.  10 

VerysUght. 

None. 

.30 

4.28 

1.68 

2.60 

.0006 

.0180 

.20 

.0240 

.0000 

- 

Oct.  16 

Oct.  17 

VerysUght. 

None. 

.40 

4.12 

1.60 

2.62 

.0006 

.0134 

.22 

.0220 

.0000 

- 

Oct.  28 

Oct.  24 

VerysUght. 

VerysUght. 

.50 

8.78 

1.22 

2.66 

.0022 

.0144 

.24 

.0220 

.0000 

- 

Oct.  30 

Oct.  81 

VerysUght. 

VerysUght. 

.60 

3.52 

1.32 

2.20 

.0012 

.0140 

.20 

.0200 

.0000 

- 

Nov.    6 

Nov.    7 

VerysUght. 

VerysUght. 

.50 

4.32 

1.16 

3.16 

.0006 

.0118 

.24 

.0240 

.0000 

- 

Nov.  13 

Nov.  14 

VerysUght. 

None. 

.40 

4.20 

1.08 

3.12 

.0008 

.0134 

.23 

.0240 

.0000 

- 

Nov.  20 

Nov.  21 

VerysUght. 

VerysUght. 

.40 

3.84 

1.36 

2.48 

.0004 

.0100 

.24 

.0210 

.0000 

- 

Nov.  27 

Nov.  28 

VerysUght. 

VerysUght. 

.40 

4.12 

1.56 

2.56 

.0004 

.0102 

.26 

.0200 

.0000 

- 

Dec.    4 

Dec.    5 

VerysUght. 

VerysUght. 

.30 

4.04 

1.12 

2.92 

.0004 

.0066 

.26 

.0220 

.0000 

- 

Dec.  11 

Dec.  12 

VerysUght. 

VerysUght. 

.20 

3.88 

1.20 

2.68 

.0006 

.0098 

.24 

.0250 

.0000 

- 

Dec.  18 

Dec.  19 

VerysUght. 

VerysUght. 

.25 

3.82 

1.04 

2.78 

.0010 

.0076 

.21 

.0330 

.0000 

- 

Dec.  24 

Dec.  26 

Distinct. 

VerysUght. 

.25 

3.88 

0.88 

3.00 

.0014 

.0108 

.20 

.0240 

.0000 

_ 

18 

Jan.    1 

88. 

Jan.    1 

SUght. 

VerysUght. 

.80 

3.64 

0.96 

2.68 

.0004 

.0124 

.23 

.0300 

.0000 

- 

Jan.    8 

Jan.    8 

VerysUght. 

VerysUght. 

.30 

4.25 

1.00 

3.25 

.0006 

.0078 

.25 

.0320 

.0000 

- 

Jan.  15 

Jan.  15 

VerysUght. 

VerysUght. 

.25 

3.64 

1.08 

2.56 

.0000 

.0006 

.21 

.0230 

.0000 

- 

Jan.  22 

Jan.  22 

VerysUght. 

VerysUght. 

.30 

3.76 

1.28 

2.48 

.0002 

.0094 

.21 

.0230 

.0000 

- 

Jan.  20 

Jan.  29 

VerysUght. 

Slight. 

.20 

3.50 

0.90 

2.60 

.0002 

.0102 

.26 

.0230 

.0000 

- 

Feb.    6 

Feb.    6 

VerysUght. 

VerysUght 

.20 

3.88 

1.24 

2.64 

.0014 

.0072 

.21 

.0270 

.0000 

- 

Feb.  12 

Feb.  12 

VerysUght. 

None. 

.20 

3.68 

0.72 

2.96 

.0004 

.0094 

.25 

.0230 

.0000 

- 

Feb.  19 

Feb.  19 

SUght. 

VerysUght. 

.15 

3.60 

0.92 

2.68 

.0006 

.0082 

.25 

.0180 

.0000 

- 

Feb.  26 

Feb.  26 

VerysUght. 

VerysUght. 

.20 

3.52 

1.16 

2.36 

.0006 

.0086 

.24 

.0260 

.0002 

- 

Mar.    5 

Mar.   5 

VerysUght. 

VerysUght. 

.15 

3.80 

0.84 

2.96 

.0006 

.0098 

.24 

.0250 

.0000 

- 

Mar.  12 

Mar.  12 

VerysUght. 

VerysUght. 

.15 

3.68 

0.64 

3.04 

.0022 

.0100 

.24 

.0200 

.0000 

- 

Mar.  19 

Mar.  19 

VerysUght. 

VerysUght. 

.20 

3.36 

0.48 

2.88 

.0018 

.0078 

.21 

.0220 

.0000 
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Chemical  Examination  of  Waierfrom  a  Faucet  al  the  Experimental  Station  of  the 
State  Board  of  Health  at  Lawrence — Concluded. 


18  S9. 
Mar.  26    Mar. 

Apr.    2   Apr. 

Apr.   9    Apr. 

i 

Apr.  16  Apr. 
Apr.  23 
Apr.  30 
May    7  I 


Apr, 
Apr.; 
May 


-  May  14  ;  May  14 

-  May  21  '  May  21 

-  May  28    May  28 


At. 


APPBA&iyCB. 


1 

a 


1 


Very  alight. 
Very  alight. 
Very  alight. 
VeryallghL 
Very  alight. 


VeryaUght 
Very  alight. 
Very  alight. 
Very  alight. 
Very  alight 


Veryalight.j  Very  alight. 
Very  alight.|  Very  alight. 
Very  alight.'  Very  alight. 
VeryaUght.  Very  alight, 
Very  alight.  VeryaUght. 


RUIDUB  ON         I 
EVAPORATIOX. 


0.23 


8.16 
a.36 
8.00 
8.40 
3.80 
3.32 


§1 


0.64 
0.72 
0.48 
0.80 
1.12 
1.24 


3.82  1.00 
8.28  0.84 
8.96,1.32 


2.52 
2.64 
2.52 
2.60 1 
2.68 
2.06 
2.82 
2.44 
2.64 


,1.20=  2.82 


8.83 '1.14 1  2.69 


la 


.0080 
.0004 


.0004 
.0012 
.0008 
.0010 '.0120 
.0006  .0088 


.0006 
.0004 
.0004 
.0000 
.0008 


.0014 


.0086 
.0100 


.0112 
.0118 


0107 


.21 


NiTKOOBV 


.0280 
.0230 
.0180 
.0140 
.0150 
.0160 
.0120 
.0100 
.0120 
.0170 


.0000 
.0000 
.0000 

.0001 
.0000 

.0001 
.0000 
.0000 
.0001 
.0000 


.0197 


NoTX.  —  IThe  average  above  given  waa  obtained  by  taking  the  mean  of  all  the  analyaea  foreaoh 
moDih,  and  averaging  theae  reeolta. 

Volume  of  Water  Flowing  in  the  Merrimack  River  on  the  Dates  when  Samples  of 
Water  were  Collected  for  Analysis. 


YoLCMS  Flowimo  in  ths 
Bivu  IN  Cubic  Fbbt 

PBB  SBCONO. 

DATE. 

VoLnMB  Flowing  in  thb 

RivBB  w  OcBio  Fbbt 

PBB  Sboond. 

DATE. 

Rate  of  Flow 

daring  11 

Honra  of  the 

Day. 

Bate  of  Flow 

during 

24H0Bn 

Rate  of  Flow 

daring  11 

Houra  of  the 

Day. 

Rate  of  Flow 

daring 

24  Hours. 

1SII7. 

Jane  15, 

Jalyl5,        .        .        . 
Aagoatl9,    . 
September  16, 
October  21,  . 
November  18, 
Decembers,       . 

IftM. 

January  20, . 

Pebmary  17, 

March  16,     .        .        . 

April  20.       . 

May22,         .        .        . 

5,600 
5,830 

12,240 
6,590 
4,050 
9,650 

11,490 

13,050 
10,000 
7,740 
25.800 
'  16,050 

4,700 
4,940 
9,830 
6,700 
2,650 
8,740 
10,720 

12,110 
9,180 
6,950 
26,100 
15,420 

lM8.-Con. 
June  15,      . 

July  20,       .       .       . 

Auguat  17, . 

September  21,    . 

October  19, 

November  16,     . 

December  14,     . 

IMS. 

January  18, 

February  22, 
March  22,    .       .       . 
April  19,     .        .        . 
May  17,       .        .        . 

6,170 
8,500 
5,000 
10.920 
14,670 
15,520 
9,520 

18,050 
8,470 
14,600 
11,740 
6,580 

5,270 
2,450 
4,000 
9,970 
18,810 
14,510 
8,660 

17,280 
7,680 
13,650 
10,870 
5,760 
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Water  Supply  of  Lee. — Berkshire  Water  Company. 

Description  of  Works.  — Population  in  1885,  4,274.  The  works 
are  owned  by  the  Berkshire  Water  Company,  and  were  built  in  1881. 
The  source  of  supply  is  Codding  Brook,  on  which  a  storage  and  a 
distributing  reservoir  are  built. 

The  storage  reservoir  is  situated  among  the  mountains  east  of 
the  Housatonic  River,  and  is  said  to  be  at  an  elevation  of  800  feet 
above  the  distributing  reservoir.  It  was  formed  by  building  a  low 
dam  across  the  valley  of  the  brook  at  a  point  where  the  brook  flowed 
from  a  tract  of  meadow  land.  Its  area  is  22  acres  ;  maximum  depth, 
8  feet ;  bottom,  muddy  ;  capacity,  20,000,000  gallons.  None  of  the 
vegetable  growth  was  removed  from  the  meadow  before  it  Wi^  flowed. 

The  distributing  reservoir  is  situated  one  mile  down  stream  from 
the  storage  reservoir,  and  is  formed  like  the  latter  by  a  dam  across 
the  brook.  The  distributing  reservoir  has  a  capacity  of  1,500,000 
gallons,  and  its  maximum  diepth  is  20  feet.  The  drainage  area  is 
mountainous.  Water  is  distributed  by  gravity.  Distributing  mains 
are  of  cement-lined  wrought  iron.  Service  pipes  are  of  galvanized 
iron. 

Chemical  Examination  of  Water  from  a  Faucet  in  the  Village  of  Lee  supplied 
from  the  Lee  Water  Works, 

[Parts  per  100,000] 


Datk  op 

Appeabancb. 

Rbsiduk  ov 
Evaporation. 

Ammonia. 

i 

I 

'  Nitrogen 

A8 

SQ 

i 

i 
I 

1 

1 

1 

il 

1 

1 

< 

III 

2S     '    Si 
1     SB          >5 

49 

18 

June   6 

87. 
June 

1 

8 

None. 

None. 

0.10 

5.e2'l.20 

4.42 

.0001 

.0086 

I 

.03    .0070      - 

251 

July    5 

July 

6    None. 

None. 

0.04 

7.20,1.15 

6.05 

.0016 

.0101 

.12  I  .0130 1    - 

474 

Aug.  8 

Aug. 

4  ;  Slight. 

None. 

0.80 

4.47   1.80 

2.67 

.0002 

.0188 

.04    .0070 1    - 

008 

Sept.  6 

Sept. 

7 

None. 

None. 

0.10 

6.J7   0.62 

4.55 

.0002 

.0067 

.09  i.OOTO 

- 

903 

Oct.     6 

Oct. 

8, 

None. 

None. 

0.^ 

5.50 

1.15 

4.35 

- 

.0080 

.10    .0050 

- 

1100 

Nov.   4 

Nov. 

5 

None. 

None. 

0.10 

5.30 

0.80 

4.50 

.0000 

.0060 

.12    .0080 

- 

1336 

Dec.    6 

Dec. 

7 

None. 

None. 

0.30 

3.25   1.20 

2.05 

.0000 

.0098 

.09. 0080 1    - 

1533 

18 

Jan.    3 

88. 
Jun. 

5! 

Very  alight. 

Very  Blight. 

0.20 

2.05   0.85 

1 
2.10 

.0008 

.0096 

.04  ;.0030 

.0000 

1742 

Feb.    8 

Feb. 

4' 

None. 

None. 

0.10 

3.70   0.70 

1 

■3.00 

.0002 

.0052 

.05    .0050  .0000 

1948 

Mar.    5 

Mar. 

6 

None. 

None. 

0.10 

3.35!  0.75 

2.60 

.0000 

.0066 

.11  '.0090  .0000 

2154 

Apr.   3 

Apr. 

4i 

Very  Blight. 

None. 

0.10 

2.15 '0.45 

1.70 

.0000 

.0084 

.10  .oiooj.oooo 

2350 

May    8 

May 

4 

Slight. 

Very  Blight. 

0.10 

2.45' 0.80 
4.26   n  OA 

l.« 

.0000 

.0070 

.09    .0080 '.0000 

Av. 

1..:.. 

0.19 

3.30 

.0008 

.0087 

1    .08    -(^T?>    nrMA 

1 

1 

1 

1 

HardnesB  in  June,  1887, 3.7;  in  May,  1888, 1.9.    Odor,  generally  none,  Beldom  faintly  vegetable. 
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Microscopical  Examination. 

April,  1888.    1.  Blae-green  algao,  0.0. ;   2.  Other  algae,  pr.;   3.  Fungi,  0.0;    4.  Animal  forms,  0.0. 
1£ay,  1888.    1.  Blae-green  alg»,  0.0;    2.  Other  aign,  pr.;    3.  Fungi,  pr.;   4.  Animal  forma,  pr. 
Oronpa  and  prlnciiMl  genera  of  organUms  obeerved :  2.  Dlatomacen.    3.  Bchlzomycetes.    4.  Pro- 
tozoa. 


Proposed  Water  Supply  of  Leicester. 

Chemical  Examination  of  Water  from  a  Spring  at  the  head  of  Kettle  Brook  in 

Paxton, 

[P^rta  per  100,000.] 


Date  or 

Rksiduk  on 
Evaporation. 

AxKoiriA. 

o 

NlTKOOB!7 
AS 

1 

3 

8 

S 

1 

1 

6 

1 

§1 

1 

1 

11 

1 

ll<l§8. 

2738   July    6  July    9 

•  1            1 

1  None. 

None. 

0.0 1 

3.65 

- 

- 

.0000 

.0010 

.18 

.0500 

.0000 

Odor,  very  faint  or  none. The  sample  was  collected  from  the  spring. 

Microscopical  Examination, 

July,  1888.    1.  Blae-green  algn,  0.0;  2.  Other  alg»,  0.2;  8.  Fungi,  pr.;  4.  Animal  forms,  0.0. 
Groups  and  principal  genera  of  organisms  observed:    2.  Zoosporen;  Diatomaceis.     3.  Schizo- 
myoetes. 


Water  Supply  of  Lenox.  —  Lenox  Water  Company. 
Description  of  Works. — Population  in  1885,  2,154.  The  works 
are  owned  by  the  Lenox  Water  Company,  and  were  built  in  1875. 
About  1,500  people  were  supplied  in  1887,  The  sources  of  supply 
are  three  small  reservoirs  in  the  mountains  west  of  the  village. 
One  of  these  reservoirs  is  at  the  head  of  the  Yoken  River,  a  small 
stream  which  flows  around  Lenox  to  the  north,  and  empties  into  the 
Houeatonic  River.  This  reservoir,  when  full,  is  said  to  contain 
40,000  gallons.  Its  drainage  area  is  small,  and  the  slopes  are  steep 
and  covered  with  wood.  From  this  reservoir  water  flows  by  gravity 
to  the  distributing  reservoir.  The  latter  reservoir  has  a  capacity  of 
165,000  gallons  and  a  very  small  drainage  area.  The  third  reser- 
voir is  at  the  head  of  a  small  brook  which  flows  into  the  Williams 
River.  This  reservoir  has  a  capacity  of  500,000  gallons,  and  its 
drainage  area  of  about  360  acres  is  similar  to  that  of  the  reseiToir 
on  the  Yoken  River,  but  is  considerably  larger.  Water  is  pumped 
from  this  reservoir  over  the  dividing  ridge  to  the  resei'voir  on  the 
Yoken  River,  a  distance  of  a  little  over  a  mile.  The  total  drainage 
area  of  the  three  reservoirs  is  about  three-quarters  of  a  square  mile, 
as  estimated  from  the  new  topographical  map  of  Massachusetts. 
Distributing  mains  are  of  cast  iron  and  service  pipes  of  wrought  iron. 
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ChemiccU  Examination  of  Water  from  a  Faucet  in  the  Village  of  Lenox  supplied 
from  the  Distribviing  Reservoir, 

[Parts  per  100,000.] 


Date  of 

Apfbarahcb. 

RicaiDCB  ON 

EVAPOKATIOir. 

Amkohia. 

i 

NlTBOOBX 

▲a 

1 

9^ 

j 

al 

H 

s 

j 

1 

i 

§1 

1 

1 

'1 

Si 

5. 

47 

18 

June   0 

87. 

June  8 

None. 

VeryaUght. 

0.0 

5.^ 

0.70 

4.85 

.0002 

.0039 

.07 

1 
.0000 1    - 

264 

July    6 

July    7 

Decided, 
milky. 

Slight, 
rusty. 

0.0 

t 

6.45 

0.40 

6.05 

.0004 

.0044 

.08 

.0070 

489 

Aug.  4 

Aug.   0 

Slight. 

Slight, 
brown. 

0.0 

6.00 

0.47 

6.13 

.0000 

.0020 

.08 

.0030 

- 

780 

Sept.  10 

Sept.  12 

Distinct. 

Conaldera- 
ble,  earthy. 

0.0 

6.20 

0.27 

6.03 

.0002 

.0027 

.06 

.0050 

- 

905 

Oct.     7 

Oct.     8 

VeryaUght. 

Slight, 
earthy. 

0.0 

6.85 

0.60 

6.25 

.0000 

.0084 

.05 

.0000 

- 

1105 

Nov.   3 

Nov.   4 

None. 

VeryaUght. 

0.0 

6.00 

0.25 

6.75 

.0000 

.0008 

'    .04 

1 

.0020 

- 

1433 
1532 

Dec.  16 

18 

Jan.    4 

Dec.  17 

88. 
Jan.    5 

Slight. 
VeryaUght. 

srt,  earthy 
and  floc*t. 

.SPt,  earthy 
and  floc't. 

0.0 
0.0 

;    6.80 

1 

4.00 

1 

0.45 
0.16 

4.85 
4.75 

.0000 
.0000 

.0038 
.0028 

.06 
.06 

.0030 
.0060 

.0001 

1737 

Feb.    2 

Feb,    3 

None. 

None. 

0.0 

6.70 

0.80 

6.40 

.0000.. 0016 

.08 

.0060 

.0001 

1950 

Mar.   6 

Mar.    6 

Slight. 

Slight, 
earthy. 

0.0 

4.85 

0.20 

4.65 

.0000 

.0020 

.09 

.0060 

.0001 

2153 

Apr.   3 

Apr.    4 

VeryaUght. 

Sl't,  earthy 
and  floc't. 

0.0 

4.50 

0.85 

4.15 

1 

.0000 

.0044 

.05 

.0080 

.0001 

2351 

May    3 

May    4 

VeryaUght. 

None. 

0.0 
0.0 

4.50 

0.10 
0.35 

4.40 ' 

1 

.0000 

.0010 

.00 
.07 

.0080 

.0001 

Av. 

5.62 

.0001 

.0028 

.0044 

.0001 

Hardness  In  May,  1888, 3.4.    Odor,  none. There  were  heavy  ralna  juat  prevloua  to  the  coUeetton 

of  Noa.  489  and  730. 

Microscopical'  Examination. 

April,  1888.    1.  Blue-green  algee,  0.0;  2.  Other  BlgiB,pr.;  3.  Fungi,  0.0;  4.  Animal  forma,  pr. 
May,  1888.    1.  Blue-green  algas,  0.0;   2.  Other  alg»,  pr.;   8.  Fungi,  0.0;    4.  Animal  forma,  0.0. 
Qroupa  and  principal  genera  of  organtama  obaerved :    2.  Deamldlaceao ;  DlatomaoesB ;  Zygnemaee«. 
4.  Protozoa;  Rotlfera. 

Chemical  Examination  of  Water  from  Lily  Pond,  Lenox, 

[Parta  per  100,000.] 


Datb  or 

Appbarancb. 

1 

Rrsidur  ok 
Evaporation. 

Akxokia. 

1 

i 

NiTKOOBK 
AS 

s 

3 

j 

A 

& 

Turbidity. 

«J 

1 

^ 

4 

i 

il 

is 

< 

1 

1 

s 

^ 

4021 

1 
18  89. 

Feb-  14  Feb.  15 

1 

1  SUght. 

1    milky. 

SUffht, 
white. 

1.0 

14.25   1.05  1 13.20 

.0070 

.0120 
.OOtt 

.20 

1 

.0300 

.0004 

Odor,  very  faintly  vegetable. The  aample  waa  collected  from  near  the  middle  of  the  pond. 
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Water  Supply  of  Leominster. 

Description  of  Works,  — Population  in  1885,  5,297.  The  works 
are  owned  by  the  town  and  were  built  in  1873.  About  997 
service  taps  were  supplied  in  1^88.  The  sources  of  supply  are 
Morse  and  Haynes  brooks,  on  each  of  which  a  storage  reservoir  is 
built,  and  Quarter-of-a-mile  Brook,  which  is  formed  by  the  confluence 
of  Morse  and  Haynes  brooks.  The  Haynes  Storage  Reservoir  is  the 
larger.  It  was  formed  by  building  a  dam  across  Haynes  Brook  at 
a  point  where  it  flowed  from  an  area  of  swamp  and  meadow  land. 
About  one-third  of  the  area  was  a  swamp  covered  with  a  growth  of 
wood.  In  preparing  the  area  for  flowage,  the  trees  were  cut  down, 
but  the  stumps  and  vegetable  matter  were  not  removed.  Its  area 
is  58  acres,  audits  capacity,  when  full,  121,000,000  gallons.  The 
maximum  depth  is  12  feet.  The  general  depth  of  the  reservoir  is 
about  7  feet,  and  about  one-fourth  of  it  is  very  shallow. 

Morse  Reservoir  was  originally  built  to  furnish  water  power  for  a 
mill  and  was  purchased  by  the  town.  Its  area  is  11  acres  and  its 
capacity  is  about  7,000,000  gallons.  It  has  a  sandy  bottom  and 
there  is  no  shallow  flowage. 

Morse  and  Haynes  brooks  unite,  after  flowing  a  short  distance 
below  the  distributing  reservoirs,  and  form  Quarter-of-a-mile  Brook. 
On  this  brook  a  small  reservoir  is  built,  which  is  used  as  a  distribut- 
ing reservoir.  Its  area  is  4J  acres  and  its  capacity  6,750,000  gal- 
lons. Water  from  the  storage  reservoirs  flows  down  the  natural 
channels  of  the  brooks  to  the  distributing  reservoir. 

The  area  of  the  watershed  of  Haynes  Reservoir  is  315  acres,  that 
of  Morse  Reservoir  is  165  acres,  and  that  of  the  distributing  reser- 
voir, excluding  the  others,  is  737  acres ;  making  a  total  watershed 
at  the  outlet  of  the  distributing  reservoir  of  1,217  acres.  These 
areas  are  uninhabited,  excepting  by  a  very  small  farming  population, 
and  are  generally  steep,  rocky  and  well  wooded,  and  contain  but 
little  cultivated  land.  The  watershed  of  Haynes  Reservoir  is  chiefly 
pasture  land  and  there  is  a  small  swamp  near  the  reservoir. 

Distributing  mains  and  service  pipes  are  of  wrought  iron  lined 
with  cement.  For  all  extensions  to  distributing  mains  cast  iron  is 
now  used. 

For  two  months  or  more  in  the  autumn  of  1882  the  water  supplied 
to  consumers  had  a  very  disagreeable  odor  and  taste.  After  the 
first  heavy  frost  the  trouble  disappeared,  but  it  re-appeared  the  next 
season,  and  as  a  remedy  a  filter  dam  was  built  in  1884  across  the 
brook  just  before  it  enters  the  distributing  reservoir.     The  filter 
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dam  consists  of  a  rough  stone  wall  built  across  the  upper  end  of  the 
resei*voir,  behind  which  the  filtering  material  is  placed.  The  mate- 
rial consists  of  cobblestones  at  the  bottom,  upon  which  is  a  layer  of 
coarse  gravel  with  a  layer  of  fine  gravel  at  the  top.  Once  a  year 
the  basin  formed  by  the  filter  dam  is  cleaned  and  the  layer  of  fine 
gravel  over  the  top  of  the  filter  is  renewed.  Most  of  the  water 
which  enters  the  distributing  reservoir  passes  through  the  filter  dam, 
excepting  at  times  of  very  high  water.  There  is  said  to  have  been 
no  serious  trouble  with  the  water  delivered  in  the  town  since  that 
time. 


Chemical  Examination  of  Water  from  Haynes  Beservotr,  Leominster, 

[Parts  per  100,000.] 


Datb  or 

Appbarangb. 

Residub  ow 

BVAPORATIOir. 

Amxokia. 

i  g 

NITROGBM 
AS 

0 

9i 

1 

H 

1 

i 

H 

§1 

1 

t 

A 

i  ' 
1 

S 

190 

18 

June  24 

87- 

June  25 

Decided. 

Slight. 

0.40 

8.62 

2.00 

1.62 

.0195 

.0556 

_ 

1 . 

414 

July  26 

July  28 

Very 
decided. 

Slight. 

0.80 

- 

- 

- 

.0004 

.1006 

.16 

.0000 

- 

615 

Ang.  25 

Aug.  28 

Decided. 

611*t,  green. 

0.60 

5.15 

3.25 

1.90 

.0006 

.1252 

.11 

.0000 

- 

1030 

Oct.  25 

Oct.  26 , 

DlBtlnct. 

Sli't,  earthy 
and  floe. 

0.70 

3.15 

1.65 

1.50 

.0010 

.0458 

.12 

.0150 

- 

1276 

Nov.  29 

•Nov.  30 

Very  alight. 

Slight. 

0.45 

8.10 

1.55 

1.55    .0004 

.0279 

.14 

.0150 1     - 

1493 

Dec.  27 

Dec.  28 . 

Slight. 

Slight, 
white. 

Slight, 
brown. 

0.55 

3.05 

1.55 

1.50 

.0019 

.0329 

.14 

.0120:    - 

1748 

18 

Feb.    2 

88. 
Feb.    4 

Slight. 

0.40 

3.65 

1.65 

2.00 

.0130 

.0333 

.16 

.0250 

0001 

1902 

Feb.  27 

Feb.  28    Slight. 

Very  slight. 

0.30 

2.65 

1.00 

1,65 

.0010 

.0230 

.18 

.0100  .0000 

2070 

Mar.  20 

Mar.  21 

Distinct. 

Slight. 

0.20 

2.80 

1.25 

1.55 

;.0078 

.0268 

.12 

1 

.0050  .0001 

2293 

Apr.  23 

Apr.  24  i 

Distinct. 

Slight. 

0.20 

2.15 

1.05 

1.10.  .0000 

.0216 

.12    .0030 '.0001 

1                    ! 

2482 

May  21 

May  22 

Distinct. 

Con8ld»ble, 
earthy. 

0.35 

2.40 

1.30 

1.10 

.0000 

.0262 

.10! 

'.0030  .0000 

2652 

June  21 

Juno  22 

Distinct. 

Considera- 
ble. 

0.45 

2.20 

1.05 

1.15 

.0000 

.0316 
.0200 

.10 

.0000  .0000 

i 

2782 

July  16 

July  17 

Decided. 

Con.,  green. 

0.35 

3.35 

2.25 

1.10 

.0000 

.0.526 
.0268 

.11 

.0020  .0000 

2991 

Aug.  20 

Aug.  21 

Decided. 

Considera- 
ble. 

0.40 

3.65 

1.90 

1.75 

.0024 

.0836 
.0304, 

.08 

1 

.0070  .0002 

3471 

Oct.  30 

Nov.    1 

Slight. 

Sli't,  green. 

0.50 

2.65 

1.46 

1.20 

.0010 

.0382 
.0294 

.10 

.0070  .0003 

8600 

Nov.  23 

Nov.  24 

Distinct. 

Very  slight. 

0.60 

3.10 

1.60 

1.50 

.0000 

.0304 
.0252 

.15 

.0150!. 0002 

i 

8790 
3924 

Dec.  21 

18 

Jan.  24 

Dec.  22 
Jan.  25 

Slight. 
Distinct. 

VerysUght. 
Very  slight. 

0.25 
0.16 

2.15 
2.46 

1.10 
1.05 

.0000 
1.05 

i.0006 
1.40  1 

.0204 
.0170 

.0210 
.0174 

.12 
.12 

.0050  .0004 
.0030  .0002 
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ChemtcoZ  Examituttion  of  Water  from  Haynes  Beservoir,  Leomimter — Concluded. 


Datb  or 


Appeaiuiic*. 


t 


RiSIDCB  ON 
EVAI»USAT101f. 


if 

5- 


< 


'A 


IS  89. 

413S   Feb.  26 ,  Feb.  27 


4394    Mar.  25  >  Mar.  28 


4552  !  Apr.  22 
4719    May  22 


-At. 


Apr.  23 


May  23 


DlsUnct. 
Distinct. 

DlStlDCt. 

Distinct. 


Slight. 
Slight. 


CoDsldera> 
ble. 


Considera- 
ble. 


0.15 
0.30 
0.15 
0.30 


0.89 


2.65 
t.» 

2.20 
2.00 


1.05  1.80 


0.65  1.40 

I 
0.85  1.35 


0.90 


1.10 


0004 
.0000 
.0002 
.0004 


0240 
0158 


,0154 

.0244 
,0182 

0808 
.0200 


.0080 
.0000 
.0090 
.0020 


8.17 


1.03  1.54 


0400 


.12 


0067 


.0001 
.0001 
.0001 
.0002 

.0001 


HardneM  in  May,  1888,  0.2.    Odor,  vegetable,  often  disagreeable. The  samples  were  collected 

.  from  the  reservoir  near  the  gate.hoase  at  a  depth  of  about  1  foot  beneath  the  surface,  with  the  exception 
of  No*.  2652,  which  was  collected  from  the  reservoir  near  the  upper  end. 


Microscopical  Examination. 

1888. 

1880. 

May.  1  Jane. 

July. 

Aug. 

Oct. 

Nov.' Dec. 

1 

Jan. 

Feb.- 

Mar. 

Apr.  May. 

1.  Blue-green  A  IgB, 

0.0 

0.1 

6.0 

12.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algsa.      .... 

pr. 

157.4 

317.7 

27.4 

0.2 

6.1 

0.0 

1.1 

61.0 

9.6 

8.6 

2.1 

3.  FoDgi, 

0.0 

0.0 

0.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms, . 

0.0 

pr. 

0.5 

0.4 

pr. 

0.0 

0.0 

". 

320.0 

1.1 

0.2 

pr. 

Oronps  and  principal  genera  of  organisms  observed :  1.  Cyanophycess,  Anabana*  2.  Palmellaceaa, 
(Silorococcu;  Protococciu;  Zoospore»,  Scenedesmutt  Staurogenia;  DesmidiacesD,  StaurtuCrum; 
jyiAtotamcen,A»UrioHeUa,Jfelo9ira,NUacMa,TabellaiHa.  8.  Schlzomycetes.  4.  Protozoa,  ZXno&ryon, 
Pieridinium ;  Botifera;  Entomostraca. 

Chemical  Examination  of  Water  from  Morse  Reservoir^  Leominster, 

[Parti  per  100,000.] 


Date  or 

Rrsidcb  ok 
evaporatioh. 

AXMOirtA. 

i 

KlTROOKN 
A8 

1 

SB 

: 

|J 

1 

*: 

i 

5 

1 

§1 

1 

2 

ll 

^ 

S 

Ml 

IS 

June  24 

9f7. 
June 25 

Slight. 

Slight. 

0.40 

2.75 

1.00 

1.75 

.0000 

J 

.0154 

.11 

.0000 

1 

~ 

415 

July  26 

July  28 

None. 

Very  slight. 

0.45 

2.62 

0.15 

2.47 

.0038 

.d079 

.11 

.0130      - 

«16 

Aug.  25 

Aug.  20 

Very  slight. 

Con.,brown. 

0.60 

3.82    1.72 

1 

1.60 

.0012 

.0215 

.08 

'.0000,    - 

1081 

Oct.  25 

Oct.  26 

Very  slight. 

Very  Blight. 

0.10 

2.30.0.55 

1.75 

.0000 

.0030 

.w'.oooo'  - 

1           1 

1276 

Nov.  20 

Nov.  30 

Slight. 

Very  slight. 

0.20 

.   2.05 

0.45 

1.60 

.0002 

.0104 

.15 

.0020 

- 

1494 

Dec.  27 

Dec.  28 

Very  alight. 

Sli't.  earthy 
and  Aoc't. 

0.20 

;   2.40 

0.55 

1.85 

.0010 

.0118 

.14 

.0020 

- 
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Chemical  Examination  of  Water  from  Morse  Reservoir,  Leominster  —  Concluded. 


Datb  of 

Appkabanck. 

1       RBSinnx  ok 

>      EVAPORATIOII. 

AmCOHIA. 

1 

NlTBOOBX 
A.S 

s 

1 

H 

f 

1 

1 

1 

§1 

Ji 

1 

1 

1 

1' 

1 

'A 

S 

1749 

18 

Feb.    2 

88. 
Feb.    4 

Very  slight. 

Sirt.brown. 

0.05 

2.50 

0.65 

1 
1.85 

.0007 

.0041: 

.10    .0080 

.0000 

1903 

Feb.  27 

Feb.  28 

None. 

VerysUght. 

0.25 

2.20 

0.80 

1.40 

.0000 

.0079 

.09    .0020 

.0000 

2069 

Mar.  20 

Mar.  21 

Very  slight. 

VerysUght. 

0.10 

1.75 

0.40 

1.35 

.0000 

.0048 

.12 

.0030 

.0000 

2294 

Apr.  23 

Apr.  24 

VerysUght.  Very  slight. 

0.10 

1.50 

0.55 

0.95 

.0000 

.0069 

.09 

.0020 

.0001 

2481 

May  21 

May  22 

VerysUght.  Slight. 

0.15 

1.95 

0.50 

1.45  1 

! 

.0000 
.0006 

.0086 
.0093 

.07  |.003O 

.0000 

Av. 

0.24 

2.30 

0.67 

1.63 

.11 

.0032 

Hardness  in  May,  1888,  0.5.    Odor,  faintly  vegetable,  sometimes  none. The  samples  were  col- 
lected from  Morse  Brook  Just  below  the  reservoir. 

Microscopical  Examinat%07i. 


1.  Blue-green  AlgSB, 

2.  Other  Algn, 

3.  Fungi, 

4.  Animal  Forms, . 


April. 


0.0 
pr. 
0.0 
0.0 


0.0 
pr. 
0.0 
pr. 


0.0 
pr. 
0.0 
pr. 


Groups  and  principal  genera  of  organisms  observed:    2.  Zoosporeae;  Diatomaceaa.    4.  Protozoa; 
Rotifera. 

Chemical  Ezaminaiion  of  Water  from  the  Distributing  Reservoir  of  the 
Leominster  Water  Works, 

[Parts  per  100,000.] 


Datb  of 

Appkabancb. 

Rksiuck  ok 

EVAl'OHATIOK. 

Ammonia. 

NiTROGEX 
AS 

5? 

j 

1 
1 

1 

1 

1 

i 
3 

1 

< 

i 

i 

1032 

1277 
1492 

3248 

18 

Oct.  25 

Nov.  29 
Dec.  27 

18 

Sept.  22 

87. 

Oct.  26 

! 

Nov.  30 

Dec.  28  ! 

88. 
Sept.  22, 

Slight. 

Very  slight. 
VerysUght. 

DisUnct. 

Slight, 
white. 

Slight. 

None. 

Slight. 

0.30 

0.30 
0.40 

0.85 

8.00 

1    2.30 
'    2.70 

3.00 

1.10 

0.85 
1.00 

1.40 

1.90 

1.45 
1.70 

1.60 
1.69 

.0000 

.0004 
.0001 

.0026 

.0197 

.0126 
.0191 

.0188 
.0150 

.0176 

.15 

.17 
.14 

.08 
.14 

.0000      - 
'.0070      - 

1 

.0090  .0000 

1           1 
!.0O7O  .0001 

Av. 

1 

0.45 

1 
2.67   noft 

.0008 

1.0058'    - 

i 

1 
1 

Odor,  vegetable  or  mouldy. The  samples  were  collected  from  the  distributing  reservoir  near 

the  gate-house,  with  the  exception  of  No.  3248,  which  was  collected  from  a  faucet  in  the  village. 
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Microscopical  Examination, 
Beptember,  1888.    1.  Blue-gx«en  alg»,  pr.;  2.  Other  algaft,  2^;  8.  Fungi,  0.i;  4.  Aolmal  forms,  pr. 
Oronps  and  principal  genera  of  organisms  observed :  1.  CyanophyoeiB.   2.  Palmellacece;  Zoosporen ; 
I>iatomaee8D,  MUoHra  ;  Deamidlacen.    8.  Bchlzomycetes.    4.  Protozoa. 


Water  Supply  op  Lexington. — Lexington  Water  Company. 

Description  of  Works. — Population  in  1885,  2,718.  The  works 
are  owned  by  the  Lexington  Water  Company.  Water  was  intro- 
duced in  1884.  The  average  daily  consumption  in  1888  was 
40,000  gallons.  The  sources  of  supply  in  1887  and  1888,  during 
the  time  when  analyses  of  the  water  were  made,  were  two  wells  on 
the  border  of  a  meadow.  One  well  is  20  feet  in  diameter  and  29 
feet  deep,  the  lower  14  feet  being  through  ledge.  The  other  well  is 
20  feel  in  diameter  and  18  feet  deep.  The  wells  are  about  200  feet 
apart  and  are  connected  by  a  drain  pipe  laid  with  open  joints  covered 
with  about  7  inches  of  porous  material,  and  above  that  with  muck  to 
the  surface.  Both  wells  are  built  with  a  brick  curbing  and  are  not 
covered.  Pumps  force  the  water  to  an  open  iron  tank  18  feet  in 
diameter  and  35  feet  high.  Distributing  mains  are  of  cast  iron  and 
service  pipes  are  nearly  all  of  lead.  The  remainder  are  of  galvanized 
iron.  Additional  wells  have  recently  been  connected  with  the 
pumps,  and  a  deep  tubular  well  is  to  be  added  to  the  other  sources 
of  supply. 


Chemical  Examination  of  Water  from 

the  Wells 

of  the  Lexington  Water  Company, 

[Parts  per  100,000.] 

1        Datk  or 

AFFBABAirCB. 

Rbsidub  ov 

EVAPOBATIOlf. 

Ahmonia. 

j 

MiTBOGEX 
AS 

Number. 
Collection. 

i 

f 

g 

1 

i 

1 

1 

< 

^ 

i 
i 

80   Jane  10  1  June  11 

Slight. 

None. 

0.60 

7.50 

2.40 

5.10 

.0008 

.0165 

.49 

.0660 

_ 

808   Jnly  11 

July  12 

Slight. 

Very  slight. 

0.40 

6.45 

0.00 

5.65 

.0012 

.0089 

.29 

- 

- 

533  '  Aug.  12 

Aug.  12 

■Very  slight, 
i    milky. 

Very  sUght. 

0.30 

8.75 

0.90 

7.85 

.0011 

.0069 

.40 

.0390 

- 

T48   Sept.l3 

Sept.  13 

1 
Very  slight. 

Very  slight. 

0.40 

6.55   0.92 

5.63 

.0007 

.0119 

.45 

.0300 

- 

933    Oct.  12 

Oct.   12 

Very  slight. 

Very  slight. 

0.45 

7.20   1.60 

5.70 

.0002 

.0160 

.46 

.0390 

- 

1150   Nov.  10 

Nov.  11 

Very  slight. 

None. 

0.45 

7.00 

1.85 

6.05 

.0000 

.0155 

!    .47 

.0360 

- 

1382   Dec.  12 

Dec.  13 

Very  slight. 

Very  Blight. 

0,10 

8.30 

1.20 

7.10 

.0027!. 0079 

1 

'    .40 

1 

.0460 

- 
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Chemieal  Examination  of  Water  from  the  Wells  of  the  Lexington  Water 
Company — Concluded. 


Datb  of 

Appbaravcb. 

Rbsiddb  or 

EVAPOKATIOir. 

AlCMOiriA. 

i 

NlTBOOCV 

▲a 

& 

P 

P 

•i 

1 

^ 

ii 

1 

1 

< 

1 

1 

IMO 

IS 

Jan.  13 

SS. 
Jan.  14 

Slight. 

None. 

0.30 

i 

8.10*2.00 

6.10 

.0019 

.0162 

.40 

.1200 

.0000 

1781 

Feb.    8 

Feb.    9 

Very  alight. 

Sii%white. 

0.40 

7.45  2.45 

6.00 

.0034 

.0178 

.41 

j.iooo 

.0000 

19S8 

Mar.   9 

Mar.  10 

I^one. 

Very  Blight, 
white. 

0.40 

7.a^   1.40 

6.65 

.0006 

.0185 

.40 

.0900 

.0000 

2174 

Apr.   9 

1 
Apr.  10 

SUgbt. 

Very  alight. 

0.90 

7.95  2.25 

6.70 

.0017 

.0280 

.88 

.0800 

.0002 

2428 

May  14 

May  15 

VerysUght. 

None. 

1.00 

8.50 

2.90 
1.72 

5.60 

.0004 

.0240 

.80 

'.oeoo 

.0002 

Av. 

0.48 

7.64 

..^ 

.0012 

.0161 

.41 

•:«« 

.0001 

1 

Hardne*a  in  May,  1888,  3.4.    Odor,  faintly  vegetable  or  earthy,  aometimee  none. The  Bampiefl 

were  collected  from  a  faucet  on  a  hydrant  at  the  pumping  station. 

Microscopical  Examination. 

April,  18^.    1.  Bine-green  algsB,  0.0;  2.  Other  alge,  pr.;  8.  Fongl,  0.0;  4.  Animal  forma,  pr. 
May,  1888.    1.  Blue-green  alg»,  0.0;    2.  Other  algas,  pr. ;   3.  Fungi,  0.0;   4.  Animal  forma,  0.0. 

Oroups  and  principal  genera  of  organigme  observed :    2.  Palme llacees;  Diatomaoen.    4.  Protozoa. 

Water  Supply  of  Lincoln. 
Description  of  Works.  —  Population  in  1885,  901.  The  works  are 
owned  by  the  town  and  were  built  in  1874.  The  source  of  supply 
is  Sai)dy  Pond  in  Lincoln.  Pumps  force  the  water  from  the  pond 
to  an  open  distributing  reservoir.  The  bottom  of  the  reservoir  is 
puddled  with  clay  and  the  slopes  are  paved.  Water  enters  and 
is  drawn  from  the  reservoir  by  the  same  pipe.  Distributing  mains 
and  service  pipes  are  of  wrought  iron  lined  with  cement.  For  a 
description  of  the  source  of  supply  and  analyses  of  the  water,  see 
Concord. 

Water  Supply  of  Lowell. 
Description  of  Works. — Population  in  1885,  64,107,  The 
works  are  owned  by  the  city.  Water  was  introduced  in  1872. 
The  average  daily  consumption  in  1888  was  4,981,000  gallons. 
The  source  of  supply  is  the  Merrimack  River  above  the  city  where 
its  waters  are  ponded  by  the  dam  of  the  Locks  and  Canals  Company. 
Water  is  taken  from  the  river  directly  and  is  also  taken  from  a 
filter-gallery  and  filter-bed  along  the  northern  bank  of  the  river  in 
the  town  of  Dracut.     The  Merrimack  River  above  the  Pawtucket 
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dam  at  Lowell  has  a  watershed  of  4,097  square  miles,  containing  in 
1880  a  population  of  230,266,  equal  to  56.2  persons  per  square  mile. 
The  cities  and  towns  on  the  watershed  having  a  population  of  more 
than  10,000  are  as  follows :  — 

city  or  Town.  Population. 

Manchester,  N,H.  (1880), 82,630 

Concord,  N.H.  (1880), 13.843 

Nashua,  N.H.  (1880), 13,897 

Fitchburg,  Mass.  (1885) 12,429 

Marlboiongh,  Mass.  (1885), 10,127 

Total, 82,426 

The  city  of  Nashua  is  situated  on  the  Nashua  River,  at  its  con- 
fluence with  the  Merrimack  River,  and  is  13  miles  above  the  inlet  to 
the  Lowell  Water  Works. 

A  more  complete  description  of  the  Merrimack  Valley  and  the 
conditions  affecting  the  purity  of  the  water  of  the  river  will  be  found 
subsequently  in  the  chapter  relating  to  ** Rivers." 

The  filter-gallery  is  1,300  feet  long,  8  feet  wide  and  8  feet  high, 
and  its  top  inside  is  level  with  the  Pawtucket  dam.  The  sides  are 
of  rubble  masonry  and  the  roof  is  a  brick  arch.  Water  enters  the 
gallery  at  the  bottom,  which  is  covered  with  a  layer  of  coarse  gravel 
one  foot  in  thickness. 

An  additional  amount  of  filtered  water  has  at  times  been  obtained 
from  an  artificial  filter-bed  known  as  the  **  filter-inlet,"  located  be- 
tween the  filter-gallery  and  the  river.  This  filter-bed  was  built  in 
1876.  Its  bottom  area  is  ll,400^quare  feet,  and  the  depth  of  the 
filtering  material  is  7  feet,  graded  from  cobblestones  at  the  bottom 
to  fine  sand  at  the  top.  A  system  of  under  drains  collects  the 
filtered  water  and  discharges  it  into  the  filter-gallery.  The  surface 
of  the  filter  is  one  foot  below  the  Pawtucket  dam.  It  is  divided 
into  two  parts,  and  from  the  inner  and  larger  part  the  river  water  can 
be  kept  out  except  at  times  of  freshets.  The  surface  of  the  filter 
becomes  clogged  in  a  short  time,  particularly  during  freshets,  by 
the  deposit  of  mud  and  silt  upon  it ;  consequently  the  amount  of 
filtered  water  obtained  from  it  is  small,  unless  it  is  cleaned  fre- 
quently. Under  ordinary  conditions  the  filter-gallery  and  filter- 
inJet  supply  but  a  very  small  portion  of  the  water  used  by  the  city, 
and  under  the  most'favorable  conditions  the  amount  supplied  is  very 
much  less  than  the  consumption. 
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At  the  lower  end  of  the  filter-gallery,  which  is  1,500  feet  above 
the  Pawtucket  bridge,  is  located  the  inlet  chamber,  into  which  water 
is  drawn  from  the  river  or  filter-gallery  or  both.  Water  is  drawn 
from  the  river  at  a  point  45  feet  from  the  north  bank.  From 
the  inlet  chamber  a  brick  conduit,  4,183  feet  in  length,  conveys  the 
water  to  a  chamber  known  as  the  Bod  well  gate-house.  From  the 
Bodwell  gate-house  a  30-inch  cast-iron  pipe  conveys  the  water  by 
gravity  to  the  pump  well  at  the  pumping  station,  a  distance  of  about 
6,656  feet,  from  which  it  is  lifted  by  pumps  to  two  distributing 
reservoirs,  one  of  which  is  used  for  low-service  distribution  and  the 
other  for  high  service. 

The  low-service  distributing  r3servoir  is  520  feet  long,  510  feet 
wide  and  20  feet  deep  at  high  water.  It  is  shaped  like  a  square 
with  two  of  its  corners  cut  off.  At  high-water  mark  the  surface 
covers  an  area  of  5.2  acres,  and  its  capacity  is  30,000,000  gallons. 
The  bottom  is  of  clay  puddle  one  foot  in  thickness,  and  the  slopes 
are  paved.  The  water  entering  the  reservoir  falls  from  two  to  six 
feet,  and  the  gates  are  so  arranged  that  water  can  be  drawn  from 
any  level. 

The  high-service  distributing  reservoir  is  rectangular  in  shape, 
150  feet  long,  130  feet  wide  and  16  feet  deep  at  high  water.  Its 
capacity  is  1,324,000  gallons.  The  bottom  is  of  clay  puddle,  and 
the  slopes  are  paved.  Water  enters  the  reservoir  at  the  middle 
and  is  drawn  from  it  by  the  same  pipe.  Distributing  mains  are  of 
cast  iron  and  service  pipes  of  wrought  iron  and  of  lead. 


Chemical   ExamincUion    of  Water  from    the    Merrimack   River    above   LotoeU 
opposite  the  Inlet  to  the  Lowell  Water  Works. 

[Parts  per  iOO.OOO.] 


Datb  or 


Appkabancb. 


RfCaiDUR  OK 

Evaporation. 


Snuoamn 


103 
832 
676 
782 
098 
1209 

1415 


Judo  14 
July  14 
Aug.  18 
Sept.  16 
Oct.  20 
Nov.  17 

Dec.  16 


87. 
June  15 

July  15 

Aug.  19 

Sept.  16 

Oct.  21 

Nov.  18 

Dec.  16 


Slight. 
Very  Blight. 
Very  slight. 
Slight. 
VerysUght. 
Decided. 

Decided. 


VerysUght. 

Slight. 

VerysUght. 

Slight. 

VerysUght 

Con., earthy 
and  floc't. 

CoDsidera. 
ble,  earthy. 


0.40 
0.40 
0.60 
0.15 
0.40 
0.75 

0.40 


3.00 
8.65 
4.07 
3.95 
8.86 
6.16 

6.60 


1.66 
1.15 
1.16 
0.80 
0,70 
1.26 

1.50 


2.S5 
2.40 
2.02 
3.16 
3.16 
3.90 

4.10 


.0020 
.0010 
.0027 
.0018 
.0042 
'.0026 

.0007 


.0122 
.0133 
.0177 
.0148 
.0162 
.0203 

.0100 


.16 
.12 
.14 
.20 
.19 
.24 

.16 


0130 
.0030 
.0070 
.0070 
0060 
0000 

0120 
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Chemical    Examinalion  of  Water  from   the   Merrimack   River  above  Lowell 
opposite  the  Inlet  to  the  Lowell  Water  Works —  Concluded. 


Datb  or 

APrSASAllCB. 

Kksidcb  on 
Evaporation. 

AXHOSIA. 

1 

NiTBOGSK 

AS 

s 

1 

|j 

i> 

1 

1 

1 

§1 

1 

1 

il 

1 

1 

16U 

119 

Jan.  19 

Jan.  21 

Veryallgbt. 

Very  slight. 

0.30 

3.95 

1.00 

2.95 

.0016 

.0116 

.13 

.0200 

.0001 

1848 

Feb.  16 

Feb.  17 

Slight. 

Very  slight. 

0.35 

3.00   0.95 

2.95 

.0046 

.0150 

.19 

.0180 

.0000 

2020 

Mar.  15 

Mar.  16 

Blight. 

Very  slight. 

0.20 

8.65 

0.90 

2.75 

.0031 

.0122 

.21 

.0080 

.0002 

2363 

Apr.  19 

Apr.  20 

Distinct. 

Con.,earthy 
and  fioc't. 

0.25 

6.30 '  0.70 
2.65  0.65 

5.60 
2.00 

.0000 

.0116 

.16 

.0100 

.0003 

2450 

May  17 

May  18 

Decided. 

Mach, 
earthy. 

0.25 

13.15   1.10 
2.70   1.10 

12.05 
1.60 

.0000 

.0154 
.QUO 

.00 

.0030 

.0001 

2003 

June  14 

Jtmel5 

Very  slight. 

8U»t.earthy 
and  floc»t. 

0.35 

1 
3.55  0.95 

2.60 

.0020 

.0162 
.0128 

.16 

.0100 

.0003 

2809   Jaly  10 

July  23 

Very  slight 

Very  slight. 

0.10 

3.20 

0.55 

2.65 

.0014 

.0142 
.0124 

.19 

.0050 

.0001 

2958   ADg.16 

Ang.17 

SUght. 

SUght. 

0.20 

8.85 

0.85 

3.10 

.0026 

.0140 
.0124 

.22 

.0070 

.0002 

2959 

Aog.  16 

Aag.  17 

Slight. 

SUght. 

0.25 

8.75 

0.90 

2.85 

.0022 

.0158 
.0144 

.22 

.0080 

.0003 

2960 

Aug.  16 

Aug.  17 

SUght. 

SUght. 

0.15 

3.90 

0.65 

8.25 

.0018 

.0180 

.0150 

.22 

.0070 

.0002 

3228 

Sept.  20 

Sept.  21 

Slight. 

SUght, 
earthy. 

0.20 

3.60 

1.05 

2.55 

.0026 

.0186 
.0172 

.10 

.0080 

.0005 

3229 

Sept.  20 

Sept.  21 

Slight. 

Slight, 
earthy. 

0.80 

3.55 

1.85 

2.20 

.0028 

.0174 
.0158 

.15 

.0030 

.0004 

3397 

Oct.  18 

Oct.  19 

Slight. 

Slight. 

0.50 

3.85 

1.25 

2.10 

.0004 

.0164 
.0184 

.11 

.0070 

.0002 

3306 

Oct.  18 

Oct.  19 

SUght. 

SUght. 

0.50 

3.50 

1.25 

2.25 

.0000 

.0176 
.0148 

.13 

.0060 

.0008 

3566 
3874 

Nov.  15 

IS 

Jan.  17 

Nov.  16 
Jan.  19 

SUght. 

Slight, 
milky. 

Slight, 
earthy. 

Consldera- 
bio,  earthy. 

0.50 
0.15 

3.20 
2.75 

1.30 
0.50 

1.90 
2.25 

.0002 
.0000 

.0152 
.0122 

.0100 
.0100 

.10 
.12 

.0150 
.0060 

.0002 
.0004 

4084 

Feb.  21 

Feb.  23 

SUght. 

SUght. 

0.20 

8.20 

1.00 

2.20 

.0008 

.0108 
.0090 

.16 

.0180 

.0004 

4368 

Mar.  21 

Mar.  22' 

Distinct, 
milky. 

Considera- 
ble, earthy. 

0.20 

2.85 

1.00 

1.85 

.0000 

.0150 
.0114 

.09 

.0030 

.0003 

45^ 

Apr.  IS 

Apr.  19 

SUght. 

Considera- 
ble, earthy. 

0.20 

2.70 

0.75 

1 

1.95! 

.0002 

.0130 
.0112 

.08 

.0020 

.0002 

4690 

May  18 

May  20 

Slight. 

Con. .earthy 
and  floc't. 

0.20 

3.25 

0.95 

».80, 

.0032 

%0166 
.0138 

.15 
.15 

.0050 
.0087 

.0002 

Av. 

0.32 

5.00 

1.06 

4.03 

.0016 

.0147 

.0002 

1 

HardneM  In  May,  1888,0.6.    Odor,  very  faintly  vegetable,  often  none,  occasionally  mouldy. 

The  aampJea  wero  collected  from  the  river  opposite  the  inlet  to  the  Lowell  Water  Works  one  foot 
beoeath  tlie  aurfaee.  Nos.  2958  and  2959  are  combined  samples  taken  from  many  points  In  a  Une  across 
the  river.  The  former  (2958)  represents  the  north  half  and  tho  latter  (2959)  represents  the  south  half 
ot  Che  river.  Ko.3228  was  from  the  middle  of  the  north  half  of  the  river  and  No.  3229  from  tho  middle 
/  tlie  eooth  half-    Ko.  3397  was  from  the  north  half  of  the  river  and  No.  3396  from  the  south  half  of  the 
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[Dec. 


Microscopical 

Examination. 

18S8. 

1889. 

June.  July.  Aag. '  Aug.]  Aug.  Sept.  Sept. 

Oct.  Oct 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr.  .Maj. 

1.  Blue-green  Algs, 

pr. 

0.0 

pr. 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0     0.0 

pr. 

2.0therAlga}.      . 

4.2 

0.9 

2.4 

5.7 

4.3 

1.8 

2.6 

pr. 

0.5 

1.7 

0.2 

0.8 

0.2 

0.5  1  0.9 

0.3 

3.  Fungi, 

0.1 

0.1 

0.0 

0.0 

pr. 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms, . 

0.0 

0.1 

pr. 

0.2 

0.2 

pr. 

0.1 

0.0 

0.0 

0.0 

pr. 

0.0 

pr. 

pr. 

0.0 

0.0 

Groups  and  principal,  genera  of  organisms  observed :  1.  CyanopbycesD.  2.  PalroellacesD,  Chloro- 
coccus;  ZoosporesD,  Scenedeamua;  Desmidiaceso ;  Dlatomacero,  Synedra,  Tabellaria.  3.  Schizomy- 
cetea.    4.  Protozoa;  Rotifera. 


Chemical  Examination  of  Water  from  the  Merrimack  River  above  Lowell  at  the 
•  Inlet  to  the  Lowell  Water  Works, 

[Parts  per  100,000.] 


Date  of 

1               Appeabakcb. 

1       Residuk  on 
Evaporation. 

AXHOMIA. 

6 

G 

s 

NiTKOGEK 

AS 

^ 

j 

l' 

i 

1 

! 

1 

1 

4 

on 

i 

i 

•6 

ir. 

S 

104 

18 

June  14 

June  15 

Decided. 

Consid'blo, 
brown. 

0.30 

1 
4.20   1.50 

2.70 

.0019 

1 

.0119 

.24 

.0130 

- 

333 

July  14 

July  15    Very  slight. 

Very  slight. 

0.40 

3.90   1.35 

2.55 

'.0025 

.0161 

.14 

.0070 

- 

577 

Aug.  18 

Aug.  19 

1  Decided. 

1 

Slight,  red- 
dish brown. 

0.50 

5.62   0.85 

4.77 

.0129 

.0131 

.19 

.0260 

- 

783 

Sept.  15 

Sept.  16    Blight. 

Slight. 

0.15 

4.10   1.00 

3.10 

.0030 

.0160 

.21 

.0070 

- 

1000 

Oct.  20 

Oct.  21    Very  slight. 

Very  slight. 

0.25 

4.10  0.85 

1 

3.25 

,.0035 

.0136 

.21 

.0080 

- 

1211 

Nov.  17 

Nov.  18 

Decided. 

Con  ..earthy 
and  floc't. 

0.75 

5.35 

1.05 

4.30  j.0026 

.0246 

.26 

.0100 

- 

1417 
1645 

Dec.  15 

18 

Jan.  19 

Dec.  16 

88. 
Jan.  21 

Decided. 

1 

Slight. 

Con  ..earthy 
and  flocH. 

Slight. 

0.40 
0.25 

5.60 
3.80 

1.30 
0.85 

4.30 
2.95 

.0016 
.0012 

.0167 
.0120 

.18 
.14 

.0100 
.0200 

.0001 

1849 

Feb.  16 

Feb.  17  (|  Slight. 

Very  slight. 

0.35 

3.70 

0.75 

2.95 

.0056 

.0157 

.18 

.0150  .0000 

2022 

Mar.  15 

Mar.  16    Distinct. 

Very  slight. 

0,20 

3.65   0.85 

2.80  j 

.0034 

.0106 

.17 

.0100 

.0001 

2265 

Apr.  19 

Apr.  20 

Decided. 

1 

Much, 
brown. 

0.35 

7.15   0.80 
2.90   0.80 

6.35' 
2.10 

.0022 

.0126 

.14 

.0200 

.0002 

2451 

May  17 

May  18 

Decided. 

Much, 
earthy. 

0.30 

12.16 
2.85 

1.30 
1.65 

10.85 
1.20 

.0004 

.0188 
.0110 

.11 

.0080 

.0000 

2604 

June  14 

June  15 

Slight. 

SH't,  earthy 
and  floc't. 

0.80 

3.70 

0.80 

2.90 

.0056 

.0142 
.0124 

.11 

.0150 

.0001 

2S10 

July  19 

July  21 

Slight. 

Sll't,  earthy 
and  floc't. 

0.10 ' 

3.40  0.70 

2.70 

.0024 

.0170 
.0118 

.18 
.18 

.0050 

.0002 

Av. 

0.33  1 

5.28 

1.04 

4.24 

.0035 

.0151 

.0124 

.0001 

1 

1 

Hardness  in  May,  1888,  0.6.    Odor,  very  faintly  vegetable,  often  none,  occasionally  mouldy. The 

samples  were  collected  in  the  inlet  chamber  where  water  comes  la  direct  from  the  river  and  before  it 
mingles  with  water  from  the  filter-gallery  or  filter-inlet. 
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1888. 


May. 


July. 


1.  Blue-green  Algaa, 

2.  Other  Algao, 
S.  Timgl, 

4.  Animal  Forme,  . 


0.0 


pr. 
0.0 
0.0 


0.0 
2.6 


pr. 
0.1 


0.0 
7.9 
2.0 
0.1 


Oronps  and  principal  genera  of  organisms  observed :  2.  Palmellacea),  Chlorococcus ;  Zoosporeas, 
Tetratpora;  Desmldlacen;  DiatomacesB,  Synedra,  Tabellarta.  8.  Schizomycetes,  Orenothrix.  4.  Pro- 
tozoa; Botifera;  Bntomoetraca. 


Chemical  Examination  of  Water  from  (he- Conduit  at  the  Bodwell  Gate-house, 

Lowell. 

[ParU  per  100,000.] 


DATS  OF 

Appeasakcb. 

Residuk  on 
Evaporation. 

Ajihonia. 

i 

■c 

i 

Nitrookn 

AS 

j 

i 

il 

Turbidity. 

«i 

1 

1 

§1 

1 

.1 

^ 

i 
9i 

106 

18 

Jane  14 

87. 

June  15 

Slight. 

Sli't.brown. 

0.50 

4.02 

1.50 

2.52 

.0020 

.0107 

.17 

.0060 

_ 

834 

Joly  14 

July  15 

Very  slight. 

SUght. 

0.40 

8.65 

1.25 

2.40 

.0020 

.0136 

.16 

.0070 

- 

579 

Ang.18 

Aug.  19 

Very  slight. 

Slight. 

0.60 

4.55 

0.97 

3.58 

.0029 

.0197 

.19 

.0130 

- 

7S5 

Sept.  15 

Sept.  16 

SUght. 

Sll%earthy.  0.20 

4.50 

0.85 

3.65 

.0038 

.0144 

.21 

.0130 

- 

1212 

Nov.  17 

Nov.  18 

Decided. 

Con..earthy  0.76 
and  floc't. 

5.25 

1.45 

3.80 

1 

.0038 

.0206 

.26 

.0100 

- 

1418 
1648 

Dee.  15 

18 

Jan.  19 

Dec.  16 

88. 
Jan.  21 

Decided. 
Slight. 

Consid'ble, 
earthy. 

SU't.earthy. 

0.40 
0.20 

5.40 
3.95 

1.25 
1.05 

4.15 
2.90  j 

.0031 
.0024 

.0171 
.0116 

.17 
.13 

.0180 
.0250 

.0001 

1847 

Feb.  16 

Feb.  17 

Slight. 

Verysllght. 

0.35 

3.95 

0.95 

3.00 
3.00 

.0056 

.0140 

.18 

.0200 

.0000 

2028 

Mar.  15 

Mar.  16 

DlsUnct. 

Verysllght. 

0.20 

3.95 

0.95 

.0047 

.0116 

1 

.18 

.0200 

.0001 

2266 

Apr.  19 

Apr.  20 ' 

Distinct. 

Sli't,brown. 

0.80 

3.85 

1.10 

2.75 

.0020 

.0113 

.18 

.0800 

.0002 

2452 

May  17 

May  18 

Decided. 

Slight, 
earthy. 

0.30 

6.05 

0.95 

6.10 

.0022 

.0144 
.0098 

.13 

.0180 

.0001 

2911 

July  19 

July  21 

Slight. 

SU't.earthy 
and  floc't. 

0.15 

3.70 

0.70 

3.00 

.0030 

.0142 
.0096 

.19 

.0200 

.0001 

29«7 

Aug.  17 

Ang.  18 

Slight. 

SUght 

0.25 

4.20 

1.10 

3.10 

.0050 

.0164 
.0116 

.20 

.0200 

.0001 

t2S2 

Sept.  20 

Sept.  21 

Verysllght. 

Slight. 

0.30 

3.95 

1.10 

2.85 

.0036 

.0140' 
.0138 

.18 

.0120 

.0013 

8808 

Oct.  18 

Oct.  19 

Distinct. 

Slight, 

.0.60 

1  4.00 

1.46 

2.55 

.0026 

.0130 

.0124 

.18 

.0260 

.0004 

86M  Nov.  15 

Nov.  16 

Slight. 

Slight, 
earthy. 

0.4o 

4.05 

1.60 

2.46 

.0040 

.0118 
.0118 

.17 

.0250 

.0002 

«787  Dee.  20  Dec.  22 

/ 

Decided. 

Oonsld'ble. 
earthy. 

0.35 

8.10 

1.20 

1.90 

.0000 

.0166 
.0118 

.11 

.0150 

.0004 
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Chemical  Examination  of  WaLer  from  ike  Conduit  at  the  Bodwell 
Gate-house,  Lowell — Concluded. 


Datb  of 


Appbabaxcb. 


Rksidub  oh 

EVAPORATIOtf. 


3' 


Ammonia. 


NlTSOGKV 
AS 


3871 
4086 
4371 
4538 
4a02 


18 

Jan.  17 


Feb.  21 
Mar.  21 
Apr.  18 
May  18 


Av. 


89. 

Jan.  19 


Feb.  23 
Mar.  22 
Apr.  19 
May  20 


Slight, 
milky. 

DlsUnct. 


DUtlnct, 
milky. 

Slight. 


Dlatinct. 


ConBid'ble, 
earthy. 

Slight 


Slight, 
earthy. 

Slight, 
earthy. 

Con.,  earthy 
and  floo't. 


0.15 
0.20 
0.20 
0.25 
0.25 


0.83 


8.85 
8.60 
8.15 
8.25 
8.65 


4.47 


1.00 
1.00 
0.65 
1.00 
1.20 


1.12 


2.85 
2.60 
2.50 
2.25 
2.46 


3.35 


.0032 


.0004 


0134 
,0096 


.0112 


.0182 
.0100 

.0132 
.0106 

.0166 
.0146 


0180 
.0800 
.0040 
.0150 
.0100 


.0142 


.0170 


.0004 
.0003 
.0002 
.0002 

.0003 


HardneM  In  May,  1888,  1.1.    Odor,  very  falntiv  vegetable,  often  none,  occasionally  mouldy. 

The  samples  were  collocted  from  the  conduit  at  the  Dodwell  gate-house.  These  samples  are  river  water 
mixed  with  the  water  which  comes  from  the  fllter-gallery,  and  show  the  gualitv  of  the  water  before  it  is 
pumped  to  the  distributing  reservoirs.  The  filter-inlet  was  cleaned  July  14, 1888.  The  fllter-gallery  was 
cleaned  soon  after  May  17, 1888. 

Microscopical  Examination, 


1888. 

1880. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.    Blue-green  Algw, 

0.1 

0.0 

0.0 

0.0 

0.0 

- 

0.0 

0.0 

0.0 

pr. 

0.0 

2.    Other  Alga 

2.5 

1.3 

0.7 

0.4 

0.2 

- 

1.7 

0.4 

0.8 

1.5 

0.8 

8.    Fungi 

0.4 

0.8 

0.0 

0.0 

0.0 

- 

0.0 

0.0 

0.0 

0.0 

0.0 

4.    Animal  Forms, 

pr. 

pr. 

pr. 

0.0 

0.0 

- 

0.1 

0.0 

pr. 

pr.     0.0 

Groups  and  principal  genera  of  organisms  observed:    1.  CyanophycesB.    2.  Palmellacess ;    Zoo- 
sporoa);  Desmldlacess;  Diatomaceo,  ireto«ira,  Synedra.    3.  Schizomyoetes.    4.  Protozoa. 

Chemical  Examination  of  Water  from  the  Low-Service  Distributing  Reservoir, 

Lowell. 

[ParU  per  100,000.] 


Datb  of 

Appbarakcb.               I 

Rbbidur  on 

EVAPU  RATION. 

Ammonia. 

§ 

KiTSOOBM 
AS 

5 

1^ 

1 

1 

1 

1 

§1 

I, 

i 

s 

S 

18 

«. 

' 

105 

June  14 

June  15 

Decided. 

Veryslight. 

0.30 

3.70 

1.07 

2.63 

.0002 

.0126 

.17 

.0150 

- 

335 

July  14 

July  15 

None. 

Very  slight. 

0.40 ' 

1 

3.92 

1.05 

2.87 

.0013 

.0152 

.16 

.0130 

- 

578 

Aug.  18 

Aug.  19 

Very  Blight. 

Veryslight. 

0.00 

4.85 

1.25 

3.10 

.0025 

.0105 

1 

.13 

.0130 

- 

Di 
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Chemical  Examination  of  Water  from  the  Low-Service  Distributing 
Reservoir,  Lowell — Concluded. 


DATS  OF 

AFPKAaAllCS. 

Rkiiddk  oir 

EVAl'OBATlUN. 

1    AlCMOKIA. 

1 

KiTROOKK 
AS 

5 

1 

|J 

s 

«i 

1 

t 

]i 

1 

i| 

ll 

.0260 

1 

7M 

IS 

8ept.U 

87- 

Scpt.l6 

Slight. 

SU*t,earthy. 

0.20 

4.40 

1.35 

3.05 

.0020 

.0162 

.22 

. 

1002 

Oct.  20 

Oct.  21 

Slight. 

Con.,e'rth7. 

0.00 

4.60 

0.80 

3.80 

.0026 

.0163 

.24 

.0200 

- 

1213 

Nov.  19 

Nov.  21 

Slight. 

SUght. 

0.40 

4.45 

1.20 

3.25 

.0042 

.0189 

.24 

.0180 

- 

141ft 

Dee.  16 

Dec.  16 

Diatinet. 

VerysUj^t. 

0.40 

6.00 

1.10 

3.90 

.0060 

.0138 

.22 

.0200 

- 

1617 

18 

Jan.  10 

88. 
Jan.  21 

SUght. 

SU*t,earthy. 

0.90 

3.95 

1.00 

2.95 

.0026 

.0120 

.17, 

.0250 

.0001 

1M6 

Feb.  16 

Feb.  17 

Slight. 

Slight. 

0.35 

3.86 

0.05 

2.00 

.0062 

.0161 

.19 

.0200  .0000 

2024 

Mar.  16 

Mar.  16 

Dietlnct. 

Slight. 

0.25 

3.05 

1.25 

2.70 

.0041 

.0109 

.18 

.0200 

.0001 

2261 

Apr.  10 

Apr.  20 

Distinct. 

Veryslight. 

0.10 

3.60  0.95 

2.65 

.0038 

.0124 

.18 

.0300 

.0002 

2458 

May  17 

May  18 

Decided. 

SIl't,earthy. 

0.20 

S.2S    1.15 

2.10 

.0018 

.0130 
.0086 

.12 

.0200 

.0001 

2e06 

June  14 

Jane  15 

Distinct. 

811»t,  earthy 
and  floc't. 

0.30 

3.S0    1.10 

2.40 

.0006 

.0142 
.0124 

.17 

.0200 

.0001 

2812 

Joly  10 

Joly  21 

VerysUght. 

Sirt,  earthy 
and  floc't. 

0.15 

1 

8.90  0.85 

3.05 

.0030 

.0128 
.0112 

.20 

.0200 

.000} 

2968 

Aug.  17 

Aag.  18 

Slight. 

SU't,brown. 

0.15 

3.85   1.05 

2.60, 

.0020 

.0148 
.0120 

.21 

.0100 

.0001 

SS83 

Sept.  20 

Sept.  21 

SUght. 

Slight. 

0.20 

3.80  0.85 

1 

1 

2.95 

.0022 

.0140 
.0126 

.19 

.0080 

.0006 

saw 

Oet.  18 

Oct.  19 

DUtinct. 

SU't,  green. 

0.60 

4.20  1.35 

2.85 

.0030 

.0142 
.0124 

.17 

.0250 

.0003 

3560 

KoT.16 

Not.  16 

SUght. 

Sll't.brown. 

0.40 

3.75 

1.10 

2.66 

.0024 

.0140 
.0114 

.17 

.0280 

.0003 

8786 
8878 

Dee.  20 

18 

Jan.  17 

Dec.  22 

86. 

Jan.  19 

Distinct. 
8H%mllliy. 

Con.,  flocH. 
8U't,earthy. 

0.25 
0.16 

3.70 
8.80 

0.75 
0.85 

2.95 
2.65 

.0082 
.0028 

.0124 
.0096 

.0098 
.0084 

.19 
.17 

.0060 
.0080 

.0003 
.0003 

4087 

Feb.  21 

Feb.  23 

Very  slight. 

Consid'ble. 

0.15 

3.40 

1.05 

2.35 

.0034 

.0114 
.0080 

.16 

.0300 

.0004 

4ST0 

Mar.  21 

Mar.  22 

Distinct, 
milky. 

Snt,  earthy 
and  floc't. 

0.20 

.8.20 

1.00 

2.20 

.0080 

.0124 
.0094 

.14 

.0050 

.0003 

4630 

Apr.  18 

Apr.  10 

Slight. 

Sli»t.earlhy. 

0.26 

3.10 

1.00 

2.10 

.0018 

.0134 
.01061 

.12 

.0100 

0002 

4m 

May  18 

May  90 

Distinct. 

Oonsid'ble. 

0.15 

8.40 

1.05 

2.85 

3.06 

1.0026 
.0028 

.0144! 
.0110 

.0139 

.15 
.18 

.0120 

.oin 

.0001 

"■1 

••- 

4.15 

1.09 

0002 

j 

« 

Hmrdneam  In  May,  1888, 1.1.    Odor,  very  faintly  vegetable,  often  none,  occasionally  mouldy. The 

aamplea  wera  collected  from  the  outlet  of  the  reservoir  where  the  water  flows  into  the  dlstrlbatlng 
pipae. 
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Mbsroaeopieal  Examinatiem. 


1S88. 

1889. 

May. 

Jane. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.    Blae-green  Alg», 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.    Other  Algn,       .       .       . 

pr. 

4.7 

pr. 

2.8 

0.7 

pr. 

0.0 

0.7 

1.2 

pr. 

0.5 

0.4 

0.1 

8.    Pang! 

0.0 

0.8 

0.1 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

4.    Animal  Forms,  . 

0.0 

0.3 

pr. 

pr. 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.1 

pr. 

0.0* 

Groups  and  principal  genera  of  organisms  observed:  1.  Oyanophycesd.  2.  Palmollaoeae,  <^/oro- 
coccm;  ZoosporeflB;I>esmldlaoe»;DlatomaoeaB,  iffywedra,  TVidWtoria.  8.  Behlzomycetes.  4.  Protozoa; 
Sponglaria;  Entomostraca. 


Water  SuppLr  of  Ludlow. 
Description  of  Works. — Population  in  1885,  1,649.     The  dis- 
tributing system  is  owned  by  the  Ludlow  Manufacturing  Company. 
Water  is  purchased  of  the  city  of  Springfield  and  was  introduced  in 
1873.     See  Springfidd. 


Chemical  Examination  of  Water  from  WoocTs  Pond,  Ludlow. 

[Farts  per  100,000.] 


4200 


DATS  OP 


IS 
Mar.    9 


if 


Mar.  11 


AppBAsaircs. 


Distinct. 


I  i 


Slight. 


0.05 


Bbsidck  on 
evaporatiow. 


1.50 


S5 


0.65 


AlCMONIA. 


.0004 


3 

.1 

gal 


.0284 
.DIM 


I  KinooBH 

AS 


i 
111  I 

SB 


09    .0000 


Hardness,  0.2.    Odor,  faintly  grassy. Wood's  Pond  has  a  very  small  drainage  area  and  no 

stream  enters  It.    It  is  quite  shallow  and  has  a  sandy  bottom.    The  sample  was  collected  at  a  point 
where  the  water  was  9^  feet  In  depth.    The  pond  was  frozen  over,  the  ice  being  6  Inches  thick. 


Microscopical  Examination, 

1.  Blae-green  algn,  0.0;   2.  Other  algse,  1.2;   3.  Fungi,  0.0;  4.  Animal  forms,  6.0. 
G-roupB  and  principal  genera  of  organisms  observed :    2.  I>latomace»,  Atterionella ;  Desmidlaeea. 
4.  Protozoa,  IHnobryon* 
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C^emicoZ  Examination  of  Waier  from 

Chapin*8 

Ponrf,  Ludlow. 

[Parts  p«rlOO.OOO.] 

I>ATB  OP 

ArPBASAHca. 

RB8IDUK  ON 

Evaporation. 

AaocoviA. 

i 

NlTKOOKM 
'  AS 

i 

i 

d 

jl 

1 

§ 

■| 

H 

1-^ 

1 

1 

|l 

1 

^ 

4267 

in 

Mar.    9 

»9. 

Mar.  11 

1 
Very  alight. 

None. 

0.05 

1.S0 

O.M 

0.90 

.0006 

.0180 
.0180 

.08, 

.0060 

.000« 

Hardneaci,  1.2.    Odor,  very  faint  or  none. Gbapln's  Pond  haa  a  very  small  drainage  area  and  the 

soil  about  It  is  sandy.    At  the  time  the  sample  was  ooUected  the  pond  was  frozen  over,  the  ice  being 
6  Inches  thick. 

Microscopical  Examination, 

1.  Bine-green  algaa,  0.0;   2.  Other  algsB,  IJ^;   3.  Fnngl,  0.0;  4.  Animal  forms,  0.1. 
Gronps  and  principal  genera  of  organisms  observed :    2.  Diatomacen,  AtUrionella  ;  DesmldiaoeaB. 
4.  Protozoa. 


Water  Supply  op  Lynn. 

Description  of  Works. — Population  in  1885,  45,867.  The  works 
are  owned  by  the  city  and  were  built  in  1871.  The  average  daily 
consumption  in  1888  was  2,475,000  gallons.  The  sources  of  supply 
are  Breed's  Pond,  Birch  Pond,  Hawkes  Brook  and  Penny  Brook ; 
two  storage  reservoirs  have  recently  been  built  on  Penny  Brook. 
The  city  has  also  authority  to  take  water  from  the  Saugus  River 
whenever  its  daily  flow  at  Pranker's  Dam  exceeds  twelve  million 
gallons ;  but  this  authority  has  never  been  exercised.  The  upper 
reservoir  on  Penny  Brook  is  known  as  Glen  Lewis  Pond  and  the 
lower  one  as  Walden  Pond.  Breed's  Pond  is  in  Lynn ;  the  other 
ponds  and  brooks  are  partially  or  wholly  in  Saugus. 

Water  from  Birch  and  Breed's  ponds  flows  by  gravity  through 
cast-iron  pipes  to  a  pumping  station,  from  which  it  is  forced  to  a 
distributing  reservoir.  The  pipes  from  the  ponds  have  been  con- 
nected at  a  point  near  the  pumping  station,  and  water  can  be  passed 
from  one  pond  to  the  other  when  the  pumps  are  not  in  use.  The 
water  of  Hawkes  and  Penny  brooks  is  conveyed  by  a  canal  to  the 
inlet  gate-house  at  the  upper  end  of  Birch  Pond,  from  which  it 
passes  to  the  outlet  gate-house  through  a  30-inch  pipe  laid  on  the 
bottom  of  the  pond.  From  the  outlet  gate-house  the  water  passes 
through  the  main  pipe  to  the  pumping  station. 

The  total  length  of  the  main  canal  is  5,906  feet  from  its  junction 


Digitized  by 


Google 


202 


WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


with  the  branch  canal  from  Hawkes  Brook  to  the  tunnel  which  con- 
veys the  water  through  the  divide  to  Birch  Pond.  The  tunnel  is 
1,358  feet  long.  There  is  a  short  piece  of  brick  conduit  337  feet  in 
length  between  the  tunnel  and  the  inlet  gate-house  at  Birch  Pond. 
The  branch  canal  from  Hawkes  Brook  to  the  main  canal  is  3,000 
feet  long  and  the  branch  canal  from  the  lower  dam  on  Penny  Brook 
is  1,240  feet  long.     The  canals  were  built  in  1884. 

The  following  table  gives  statistics  relating  to  the  storage  reser- 
voirs of  the  Lynn  Water  Works  :  — 


ArXAS  op  WATXB8HKD8 

INCLUDIKO 

Water  Sdrfacks. 

Area 

of 
Water 
Snrfiiee. 

ToUl 
Storacre 
Capacity 

of 
Beservoir. 

Available 

Storage 

Capacity 

of 

Reservoir.* 

Average 

Depth 

of 

Reservoir. 

Maximnm 

ExcIdbIto  of 

Watersheds 

of  Reservoirs 

above. 

Total 
Contributing 
Watershed. 

Depth 

of 

Beservoir. 

(Sq.  Miles.) 

CSq.  Miles.) 

(Acres.) 

(U.S.  Gallons.) 

(U.S.  Gallons.) 

(Feet) 

(Feet.) 

Breed's  Pond, 

- 

0.92 

58.5 

244,000,000 

230,900,000 

12.8 

22.0 

Birch  Pond, . 

- 

0.79 

82.0 

390,000.000 

849,600,000 

14.6 

21.5 

Glen  Lewia  Pond, 

- 

0.36 

36.0 

106,000,000 

100,100,000 

9.0 

16.0 

Waldcn  Pond,      . 

1.31 

1.6T 

128.0 

860,000,000 

311,400,000 

8.6 

16.0 

*  This  1b  the  capacity  of  the  reservoir  above  a  plane  6  feet  above  the  bottom  at  the  dam. 

Breed's  Pond  is  an  artificial  reservoir  and  was  built  in  1846  to 
furnish  water  power  for  a  mill.  It  was  selected  as  a  source  of 
supply  for  Lynn  in  1871,  and  in  1878  the  dam  was  raised  three  feet, 
thus  increasing  the  size  of  the  pond  to  its  present  dimensions.  The 
bottom  of  the  pond  is  muddy,  and  about  one-third  of  its  area  is  less 
than  ten  feet  in  depth  at  high  water. 

Birch  Pond  is  an  artificial  reservoir  and  was  built  in  1872.  The 
trees  and  brush  were  removed  from  the  bottom  and  sides  of  the 
reservoir,  but  it  was  not  otherwise  cleaned.  In  1885  the  height  of 
the  dam  was  increased  about  nine  feet,  and  it  is  now  level  with  the 
dam  of  Breed's  Pond.  The  pond  is  long  and  narrow  with  steep 
and  rocky  shores,  and  the  bottom  is  nearly  level  throughout  the 
length  of  the  pond,  so  that  there  are  no  considerable  areas  of  shallow 
flowage. 

Glen  Lewis  Pond  and  Walden  Pond  were  filled  for  the  first  time 
in  the  latter  part  of  the  year  1889.     The  basins  are  contiguous,  the 
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water  of  Walden  Pond  touching  the  base  of  the  dam  at  Glen  Lewis 
Pond.  The  surface  of  Glen  Lewis  Pond  at  high  water  is  six  feet 
higher  than  the  surface  of  Walden  Pond.  The  bottoms  of  these 
ponds  were  cleared  of  brush  and  wood,  but  the  surface  of  the 
ground  was  not  disturbed  excepting  for  the  purpose  of  obtaining 
material  for  the  construction  of  the  dams. 

The  drainage  areas  of  Birch  and  Breed's  ponds  and  Hawkes  and 
Penny  brooks  are  contiguous  and  very  similar  in  character  and  con- 
tain very  few  inhabitants.  All  are  hilly,  rocky  and  well  wooded. 
There  is  considerable  swamp  land  on  the  drainage  areas  of  Hawkes 
and  Penny  brooks. 

The  drainage  area  of  Birch  Pond  is  small  in  comparison  with  the 
capacity  of  the  pond,  and  consequently  when  drawn  very  low  in  the 
early  part  of  the  winter  there  is  danger  that  it  will  not  fill  up  again 
before  the  next  summer.  The  water  of  the  canal  will  not  flow  into 
Birch  Pond  by  gravity  when  the  water  in  the  latter  is  above  seven 
feet  in  depth  at  the  dam,  and  in  order  to  fill  Birch  Pond  from  the 
canal  a  pump  has  been  set  up  temporarily  at  the  inlet  gate-house 
and  water  may  be  pumped  from  the  canal  into  Birch  Pond  when 
necessary. 

The  area  of  the  distributing  reservoir  is  5  acres  and  its  depth  at 
high  water  is  15  feet.  It  is  divided  into  two  compartments  by  a 
wall  through  the  middle,  and  its  total  capacity  is  19,500,000  gallons. 
The  bottom  is  covered  with  a  layer  of  clay  puddle  over  which  is  a 
layer  of  small  stones.  The  slopes  are  paved.  Distributing  mains 
and  service  pipes  are  of  wrought  iron  lined  with  cement.  Extensions 
to  the  distributing  mains  are  now  made  with  cast  iron,  and  the 
cement-lined  mains  in  the  business  part  of  the  city  are  being  removed 
and  cast-iron  ones  substituted. 

A  system  of  tubular  wells  was  constructed  in  1880,  and  water  was 
pumped  from  them  into  Breed's  Pond  and  thence  distributed  to  the 
city.  In  the  winter  of  1882-83  the  ponds  did  not  fill  up,  and  the 
water  from  the  tubular  wells  saved  the  city  from  a  water  famine 
during  the  year  1883.  Since  the  construction  of  the  canal  in  1884 
the  wells  have  not  been  used. 
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Chemical  Examination  of  Water  from  Breed* s  Pond,  Lynn. 

[Parts  per  100,000.] 


Datb  or 

Afpbarancb. 

Rbsidub  oh 
Evaporation. 

j 

NlTBOOSB 
AS 

1 

1 

|| 

f 

1 

I 

1 

§1 

1 

1 

< 

^ 

1 

171 

1§ 

Jane  21 

§7. 

Jane  23 

Very»light. 

Slight. 

0.50 

3.85 

1.47 

2.88 

.0012 

.0160 

.44 

.0000 

« 

877 

July  21 

July  22 

Slight. 

None. 

0.50 

3.42 

1.00 

2.42 

.0000 

.0186 

.45 

.0060 

- 

MS 

Aug.  22 

Aug.  23 

Distinct. 

None. 

0.40 

8.20 

0.70 

2.60 

.0000 

.0165 

.38 

.0000 

- 

817 

Sept.  10 

Sept.  20 

VerysUght. 

8U't,brown. 

0.30 

8.70 

1.30 

2.40 

.0002 

.0287 

.46 

.0000 

- 

1004 

Oct.  20 

Oct.  21 

Distinct. 

81i't,brown. 

0.50 

3.86 

1.60 

2.35 

.0000 

.0284 

.44 

.0020. 

- 

1242 

Nov.  21 

Nov.  22 

Distinct. 

Slight. 

0.70 

8.60 

1.60 

2.10 

.0004 

.0261 

.46 

.0050 

- 

1461 

Dec.  20 

Dec.  22 

DlsUnct. 

811't,earthy. 

0.70 

4.25 

1.80 

2.46 

.0024 

.0225 

.48 

.0060 

.0000 

1«8Q 

18 

Jan.  10 

88. 
Jan.  20 

Distinct. 

Verysllght. 

0.45 

4.45 

1.90 

2.55 

.0024 

.0205' 

1 

.46 

.0090 

_ 

1854 

Feb.  16 

Feb.  18 

Slight. 

Verysllght. 

0.60 

6.05 

1.90 

8.15 

.0120 

.0226! 

.69 

.0080 

.0000 

2010 

Mar.  15 

Mar.  16 

Distinct. 

Verysllght. 

0.50 

4.85 

1.65 

2.80 

.0074 

.0252 

.60 

.0060 

.0001 

2258 

Apr.  10 

Apr.  20 

Distinct. 

Sli't,  white. 

0.40 

2.05 

1.10 

1.86 

.0001 

.0207 

1 

.41 

.0020 

.0001 

2445 

May  17 

May  18 

Slight. 

Slight. 

0.35 

8.46 

1.86 

2.10 

.0016 

.0174 ; 

.41 

.0000 

.0001 

2668 

Jane  25 

June  26 

Distinct. 

SU't,  green. 

0.60 

8.00 

1.10 

1.90 

.0006 

.0180 
.0170 

.48 

.0050 

.0000 

2803 

Jaly  10 

July  20 

Distinct. 

Sll%  white. 

0.70 

3.35 

1.30 

2.05 

.0000 

.0238 
.0200 

.41 

.0000 

.0001 

3051 

Aag.  16 

Aug.  17 

Distinct. 

SU't.  green. 

0.50 

3.25 

1.05 

2.20 

.0012 

.0246 
.0178 

.42 

.0000 

.0001 

8218 

Sept.  18 

Sept.  10 

Slight. 

SUght. 

0.80 

3.35 

1.25 

2.10 

.0008 

.0280 
.0180 

.40 

.0030 

.0002 

8402 

Oct.  18 

Oct.  19 

Slight. 

Sli*t,green. 

0.60 

8.50 

1.40 

2.10 

.0010 

.0252 
.0180 

.40 

.0070 

.0004 

8561 

Nov.  16 

Nov.  16 

Slight. 

Verysllght. 

0.70 

3.90 

1.46 

2.45 

.0048 

.0264 
.0216 

.41 

.0120 

.0003 

8607 
3850 

Dec.  11 
Jan.  16 

Dec.  12 

89. 

Jan.  16 

Slight. 
Slight. 

SUght. 
Verysllght. 

0.00 
0.60 

3.90 
3.20 

1.70 
1.05 

2.20 
2.15 

.0020 
.0000 

.0200 
.0144 

.0196 
.0150 

.43 
.43 

.0090 
.0070 

.0001 
.0004 

4050 

Feb.  20 

Feb.  21 

None. 

Verysllght. 

0.35 

3.15 

1.15 

2.00 

.0024 

.0146 
.0130 

.44 

.0050 

.0003 

4358 

Mar.  20 

Mar.  21 

Verysllght. 

Slight. 

0.80 

3.05 

1.05 

2.00 

.0002 

.0166 
.0118 

.40 

.0030 

.0001 

4627 

Apr.  17 

Apr.  18 

Dedded. 

SUght. 

0.50 

2.95 

0.90 

2.05 

.0002 

.0190 
.0138 

.88 

.0020 

.0001 

4675 

May  16 

May  17 

Slight. 

Con.,white. 

0.40 

3.10 

0.95 

2.15 

.0002 

.0200 
.0168 

.0214 

.40 
.44 

.0030 
.0042 

.0000 

Av 

0.48 

3.84 

1.42 

2.42 

.0018 

.0001 

Hardness  In  May,  1888,  0.6.    Odor,  vegetable,  often  disagreeable. The  samples  were  collected 

from  the  pond  near  the  gate-house.  No.  171  was  collected  4  feet  beneath  the  surface  and  the  others  at 
about  8  inches  beneath  the  surface.  For  heights  of  water  in  this  pond  at  the  times  when  samples  of 
water  were  collected  for  analysis,  see  page  209. 
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18S8.                              1 

1889. 

June. 

July. 

Aug. 

8ept. 

Get. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Bine-green  AlgsB, 

pr. 

0.0 

pr. 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

o.a 

0.1 

1.  Other  Alg»,         .        .       .        . 

30.0 

0.0 

3.1 

80.8 

1.6 

4.7 

6.6 

8.4 

1.0 

60.3 

12.6 

6.6 

S.  Fnngl. 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,    .... 

pr. 

pr. 

0.8 

0.9 

pr. 

0.0 

0.1 

1 

0.0 

0.2 

86.0 

2.8 

0.1 

Oronps  and  principal  genera  of  organlama  observed:  1.  Cyanophyceao.  2.  Palmellace»;  Zoo- 
aporeaa;  Deemidlace»;  Dlatomacen,  AgterUmellat  Tiabellaria.  8.  Bcbizomycetea.  4.  Protozoa,  Dino- 
btyim,  Ptridinium ;  Sponglaria;  Rotifera;  Sqtomostraca. 

Chemical  Examination  of  Water  from  Birch  Pond^  Lynn. 

[Parts  per  100,000.] 


Date  o» 

Appbabakck. 

Rrsidcb  oh 

EVAPOEATIOM. 

Ahxokxa. 

g 

KiTBOOBN 
AS 

s 

1 

jl 

1 

1 

1 

1 

§1 

1 

1 

|l 

1 

S 

!      .s| 

173   Jane  21 

87. 
June  28 

Distinct. 

Consld'ble. 

0.40 

3.90 

1.72 

2.18 

.0044 

.0261 

.39 

.0000 

_ 

876 

Jnly  21 

Jnly  22 

Slight. 

SUght. 

0.70 

3.92 

1.40 

2.62 

.0003 

.0292 

.37 

.0000 

SM 

Aug.  22 

Aug.  23 

Slight. 

Very  slight. 

0.60 

4.22 

1.25 

2.97 

.0004 

.0196 

.39 

.0000 

816 

Sept.  10 

Sept.  20 

Distinct. 

Consldera. 
ble,  brown. 

0.60 

4.30 

1.70 

.2.60 

.0006 

.0892 

.46 

.0030 

- 

1003 

Oct.  20 

Oct.  21 

DisUnet. 

Consld'ble. 

0.00 

4.20 

1.76 

2.46 

.0000 

.0204 

.46 

.0080 

- 

1241 

Nov.  21 

Nov.  22 

Slight. 

Sli't,  white. 

0.70 

8.76 

1.80 

1.95 

.0004 

.0338 

.47 

.0060 

- 

1400 

Dec.  ao 

Dee.  22 

Distinct. 

Slight. 

0.40 

8.85 

1.65 

2.20 ! 

.0061 

.0337 

.47 

.0080 

.0000 

1638 

18 

Jan.  10 

88. 

Jan.  20 

Very  Blight. 

Veryslight. 

0.40 

4.80 

2.10 

2.20 

.0086 

.0814 

.49 

.0230 

- 

1853    Feb.  16 

Feb.  18 

Distinct. 

Slight. 

0.46 

4.20 

1.90 

2.30 

.0131 

.0816 

.66 

.0160 

.0001 

2011 

Mar.  15 

Mar.  16 

Distinct. 

Slight. 

0.16 

2.70 

1.16 

1.65 

.0017 

.0300 

.36 

.0050 

.0000 

2299 

Apr.  19 

Apr.  20 

Decided. 

Slight. 

0.45 

3.25 

1.10 

2.15 

.0018 

.0250 

.43 

.0030 

.0002 

2444 

May  17 

May  18 

Distinct. 

Sli't.  earthy 
and  floc't. 

0.20 

4.40 

1.60 

2.90 

.0000 

.0242 

.46 

.0050 

.0000 

20M 

June  25 

June  26 

Distinct. 

Sli't,  green. 

0.45 

3.20 

1.25 

1.95 

.0022 

.0248 
.0194 

.44 

.0080 

.0001 

2804 

July  19 

July  20 

SUght. 

Sli't,  green. 

0.35 

3.40 

1.35 

2.05 

.0008 

.0262 
.0216 

.41 

.0000 

.0001 

2062 

Aug.  16 

Aug.  17 

Decided. 

Sli't,  green. 

0.25 

3.25 

1.10 

2.15 

.0000 

.0282 
.0174 

.45 

.0020 

.0001 

«217 

Sept.  18 

Sept.  19 

DIsUnct. 

Con.,green. 

0.30 

8.40 

1.20 

2.20 

.0016 

.0394 
.0204 

.43 

.0030 

.0002 

U03 

Oct.  18 

Oct.  19 

DisUnct. 

SU't,  green. 

0.30 

8.0S 

1.30 

1.75 

.0004 

.(KM 
.0236 

.41 

.0090 

.0004 

8502 

Nov.  15 

Nov.  16 

Slight. 

Veryslight. 

0.30 

3.30 

1.25 

2.05 

.0014 

.0310 
.0258 

.42 

.0160 

.0002 

8098 

Dec.  11 

Dec.l2 

Blight. 

Blight. 

0.35 

8.35 

1.55 

1.80 

.0002 

.0222 
.0192 

.46 

.0150 

.0001 
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Chemical  Examination  of  Water  from  Birch  Fond,  Lynn  —  Concluded. 


Datk  of 

Appbahamck.* 

Rbsidub  on 
Evaporation. 

Ammonia. 

J 

NmtooBV 

AS 

1 

1 

1 

f 

1 

1 

1 

4 

1- 

t 

1 

ll 

< 

J 

1 

'A 

3851 

18 

Jan.  15 

89. 

Jan.  16 

Slight. 

Very  slight. 

0.30 

_ 

_ 

_ 

.0000 

.0182 

.42 

.0100 

.0003 

4058 

Feb.  20 

Feb.  21 

Very  alight. 

Birt,  green. 

0.10 

2.95 

1.05 

1.90 

.0008 

.0162 
.0156 

.45 

.0050 

.0002 

4367 

Mar.  20 

Mar.  21 

Blight. 

Slight. 

0.15 

8.20 

1.30 

1.90 

.0000 

.0238 
.0164 

.41 

] 

.0050 

.0002 

4626 

Apr.  17 

Apr.  18 

Decided. 

Very  slight. 

0.10 

2.85 

1.25 

1.60 

.0004 

.0230 
.0150 

.39 

.0030 

.0001 

4674 

May  16 

May  17 

.Slight. 

Con.,  green. 

0.10 

2.85 

0.95 
1.59 

,.90 

.0012 

.0254 
.0200 

.39 

.0030 

.0001 

Av. 

1 

0.36 

3.02 

2.33 

.0010 

.0272 

.44 

.0065 

.0001 

Hardness  in  May,  1888, 0.8.    Odor,  faintly  vegetable,  often  monldy  and  disagreeable. The  samples 

were  collected  from  the  pond  near  the  gate-house.    For  heights  of  water  in  this  pond  at  the  times  when 
samples  of  water  wete  collected  for  analysis,  see  page  209. 

Microscopical  Examination. 


1888. 

1889. 

Juno.  July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-green  Algs,    .... 

0.3 

0.4 

0.2 

0.4 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

2.  Other  Algm, 

2.1 

4.4 

8.2 

20.9 

3.8 

0.0 

6.1 

1.6 

4.1 

2.3 

0.6 

5.1 

3.  Fungi, 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

4.  Animal  Forms,        .... 

pr. 

0.5 

0.1 

1.6 

0.2 

0.4 

0.2 

0.2    0.5 

3.5 

0.6 

1.0 

Groups  and  principal  genera  of  organisms  observed:  1.  Cyanophyce».  2.  Palmellacca>;  Zoo- 
spores, 8cenede»mu9t  Staurogenia  ;  DesmidiaceflD ;  Diaiomacen,  AaterionelUit  TabeUaria  ;  Volvocineie. 
8.  Schlzomycetes.  4.  Protozoa,  IHnobryon,  Peridinium,  Trachelomona* ;  Bpongiaria;  Rotifen; 
Entomostraca. 


Chemical  Examinaiian  of  Water  from  Eawkes  Brook,  Lynn  Water  Works. 

[Parts  per  100,000.] 


Date  or 

1 

d 

172 
2446 

18 

June  21 

18 

May  17 

87. 

June  23 

88. 
May  18 

Appkabance. 


^ 

^ 


Very  slight. 
Very  slight. 


Slight. 
Slight. 


0.30 
0.75 


Rksidck  on  akmohia 

Evaporation.     I    -^^^ok^^- 


6.15 
4.35 


I- 


1.92 
1.90 


3.23 
2.45 


.0022 
.0000 


0165 
.0200 


KlTBOGRV 
AS 


j.OOSO 


.0001 


Hardness  in  May,  1888,  1.3.    Odor,  faintly  vegetable. Sample  No.  172  waa  oollected  from 

Hawkes  Brook  near  its  junction  with  Penny  Brook  at  a  time  when  the  brook  was  very  low.  No.  2446 
was  collected  from  the  brook  at  the  same  place.  The  brook  was  not  being  used  aa  a  source  of  supply 
for  the  city  of  Lynn  at  the  time  the  samples  were  collected. 
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Microscopical  ExamincUion, 

May,  1888.    1.  Bine-green  algn,  0.0;   2.  Other  alg»,  pr. ;  3.  Fungi,  0.0;  4.  Animal  forme,  0.0. 
Gronpe  and  principal  genera  of  organisms  obsorved :    2.  Zoosporese;  DiatomaceiB. 


Chemical  ExamincUion  of  Water  from  Penny  Brook,  Lynn  Water  Works, 

[rarts  per  100,000] 


Date  or 

Ursiduk  ok 

EVAPORATIOIt. 

AJIMOnA. 

1 

NiTROOBK 
AS 

1 
i 

j 

l' 

f 

•a 

1 

I 

§1 

i 

j 

< 

1 

9a 

i 
s 

163 
2447 

IS 

Jane  21 

Hay  17 

June  23 

88. 
May  18 

Decided. 
Very  slight. 

Consld'ble. 
Slight. 

l.T 
1.6 

6.55 
4.50 

2.80 
2.25 

3.75 
2.25 

.0038 
.0000 

.0432 
.0240 

.89 
.32 

.0190 
.0050 

.0001 

Hardness  in  May,  1888,1.0.    Odor,  vegetable. The  samples  were  collected  from  Penny  Brook 

near  its  jaactlon  with  Hawkes  Brook.    The  brook  was  not  in  use  at  the  time  sample  No.  2447  was 
collected. 


Microscopical  Examination. 

Hay,  1888.    1.  Blae-green  algas,  0.0;  2.  Other  algn,  pr.;  3.  Fungi,  pr.;  4.  Animal  forms,  pr. 
Qroupa  and  principal  genera  of  organisms  observed:    2.  Zoospore»;  Dlatomace».    8.  Schizomy> 
cetes.    4.  Spongiarla. 


Chemical  Examination  of  Water  from  the  Canal,  Lynn  Water  Works, 

[ParU  per  100,000] 


DATS  OP 

Apfbarahcb. 

Rrsxduk  om 
Evapuratiun. 

Ammovia.  1 

i 

i 

NiTROQKIf 
AS 

1 

: 

jf 

f 

j 

1 

H 

1 

i 

il 

< 

S 

^ 

4528 

18 

Apr.  17 

88. 

Apr.  18 

Bll^t. 

Very  slight. 

0.0 

3.55 

1.40     2.15 

.ooos 

.0198 
.0178 

.36 

.0060  .0001 

Odor,  very  Mnt  or  none. The  sample  was  collected  from  the  canal  which  conveys  water  from 

Hswkes  and  Penny  brooks  to  Birch  Pond  and  the  pumping  station. 


Microscopical  Examination, 

April,  1889.    1.  Bine-green  algae,  0.0;  2.  Other  algae,  0.1 ;  3.  Fungi,  0.0;  4.  Animal  forms,  0.0. 
Groups  and  principal  genera  of  organisms  observed :    2.  Diatomaceaa;  Desmidioceae. 
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[Dec. 


Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Lynn 

Water  Works, 

[Parts  per  100,000.] 


Datk  o» 

APPKAJtANCB. 

Kkmdub  on 

£yAPORA.TION. 

AXMONIA. 

1 

NiTltOGEV 
A8 

& 

g 

73 

f 

1 

1 

1 

4 

t 

1 

1^ 

55 

1 

170 

18 

June 21 

87. 
June  23 

Decided. 

SUght. 

0.60 

4.12 

1.65 

2.47 

.0026 

.0254 

.43 

.0000 

_ 

378 

July  21 

July  22 

Very  slight. 

None. 

0.60 

3.85 

1.25 

2.60 

.0015 

.0278 

.37 

.0130 

- 

M5 

Aag.  22 

Aug.  23 

VeryiUght. 

Slight. 

0.70 

8.82 

0.70 

8.12 

.0004 

.0196 

.30 

.0030 

- 

818 

Sept.  19 

Sept.  20 

Slight. 

Sli't,  brown. 

0.85 

8.75 

1.30 

2.45 

.0000 

.0263 

.46 

.0000 

- 

1005 

Oct.  20 

Oct.  21 

1  Distinct. 

SU%  brown. 

0.50 

4.00 

1.45 

2.55 

.0000 

.0254 

.46 

.0000 

- 

1243 

Nov.  22 

Nov.  22 

Dlatlnct. 

Sli't.brown. 

0.65 

4.20 

1.80 

2.40 

.0008 

.0228' 

-.48 

.0000 

- 

U92 

Doc.  20 

Deo.  22 

Slight. 

8H't,earthy. 

1.20 

5.25 

1.95 

3.30 

.0014 

.0244 

.50 

.0080 

.0000 

1640 

18 

Jan.  19 

88. 
•Jan.  20 

SUght. 

None. 

0.65 

4.90 

1.95 

2.95 

.0000 

.0148 

.75 

.0180 

« 

1855 

Feb.  16 

Feb.  18 

•Verysllght. 

SU't,  white. 

0.70 

5.05 

1.60 

3.45 

.0064 

.0216 

.59 

.0120 

.0000 

2012  j  Mar.  15 

Mar.  16 

Slight. 

Slight. 

0.50 

4.20 

1.55 

2.65 

.0057 

'.0209 

.46 

.0100 

.0001 

2200 

Apr.  19  Apr.  20 

Slight. 

Slight. 

0.45 

8.80 

1.10 

2.70 

.0000 

.0186 

.89 

.0080 

.0001 

2448 

May  17    May  18 

Slight. 

Verysllght. 

0.60 

3.75 

1.30 

1.47 

2.45 

.0004 

.0190 

.40 

.0080 

.0001 

Av. 

0.62 

1 

4.22 

2.75 

.0016 

.0222 

.0067 

1 

Hardness  In  May,  1888, OJH.    Odor,  vegetable,  frequently  mooldy  and  disagreeable.—  The  samples 
were  ooUeoted  from  the  reservoir. 


Microscopical  Examination. 

1888. 

March. 

April. 

May. 

1.  Bine-green  Algse, 

0.0 

0.0 
pr. 
0.0 
pr. 

0.0 

2.  Other  Algae 

8.  Fnnid. 

pr. 
0.0 

pr. 
0.0 

4.  Animal  Forms, •.••... 

pr. 

pr. 

Qronps  and  principal  genera  of  organisms  observed:    2.  Palmellace»;  Desmidiacew;  Diatomaoeas. 
4.  Protozoa. 
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Table  ahounng  Heights  of  Water  in  Birch  and  Breed's  Ponds  at  the  Times  when 
Samples  of  Water  were  collected  for  Analysis, 

[Heighto  are  in  feet  above  the  Lynn  city  baae.] 


DATE. 


Breed's  Pond. 
High  Water,  81.00. 


Birch  Pond. 
High  Water,  Sl.Tfi. 


1S87. 

JnnaSl, 

JalySl, 

Augait22 

September  19 

October  20, 

Noyember21 

December  20 

January  10, 

February  16 

March  15» 

April  10, 

May  17 

June  26, 

July  10, 

AagQatl6, 

September  18,         .... 

October  18, 

KoTomberlS 

Beeemberll,  .... 

January  U,    .        .        . 

February  20,  . 

Marc]i26, 

AprUlT. 

May  16 


20.60 
20.42 
18.71 
16.21 
12.60 
0.64 
8.08 


10.71 
7.44 
13.00 
20.02 
21.10 
10.26 
17.64 
16.40 
13.60 
16.44 
17.62 
20.71 


20.00 
19.88 
10.71 
20.60 
30.88 


20.26 
16.71 
16.42 
16.21 
16.00 
16.00 
16.46 


16.44 
16.76 
18.26 
22.00 
22.16 
21.20 
19.86 
17.60 
16.42 
16.48 
16.40 
20.78 


22.12 
21.42 
21.20 
21.83 
21.68 


Chemical  Examination  of  Water  from  Flax  Pond^  Lynn, 

[Parts  per  100,000.] 


D^TE  or 


Afpsajbavob. 


RaaiDDB  ov 

KVAPOaATIOK. 


or: 


la 


NiraooBV 

AS 


» 


8157 
3351 


4100 


At. 


18  88. 

Bept.ll   Sept.  12 


Oct.  10 


Oct.  10 


Feb.  25 


Oct.  11 


Oct.  11 


18  m. 


Feb.  25 


Slight. 
SUght. 
DUtlDct. 
Dlatinot. 


Slight. 
Sli't,  green. 
Slight. 
SUght. 


0.06 
0.20 
0.20 
0.20 


6.05 
5.95 
6.10 
5.55 


1.05 
1.85 
1.40 
2.35 


5.00 
4.60 
4.70 
3.20 


.0086 
.0254 
.0370 
.0010 


0.10 


5.91 


1.54 


4.37 


.0202 
.0246 

.0192 
.0162 

.0240 
.0160 

.0120 
.0104 


0168 


.0211 
0168 


0.89 
0.98 
1.04 
0.72 


.0070 
.0260 
.0250 
.0400 


.0008 
.0009 

.0011 
.0006 


0.91 


.0243 


0007 


Odor,  vegetable  and  disagreeable. The  samples  were  collected  from  the  pond  at  the  upper  end, 

opposite  the  Ice-honses  of  Mansfield  &  Co.,  with  the  exception  of  No.  8351,  which  was  ooDected  from 
the  lower  end  of  the  pond. 
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Microscopical  Ezaminaiion. 

September,  1888,  1.  Bine-green  alg»,  0.0;  2.  Other  aign,  26^;  8.  Fnngl,pr.;   4.  Animal  forme,  0.6. 

Oroupfl  and  principal  genera  of  organiBma  observed :  2.  Palmellaoen,  CMorococcut;  Zooaporee, 
Scenedemiut,  Staurogenia;  Diatomacete,  Melotira;  Beamldiaoen.  8.  Bohlaomycetea.  4.  Protozoa; 
Botifora;  Entomoatraca. 


LiTNNriELD. 

Chemical  Examination  of  Water  from  Filling's  Pond  in  Lynnfield, 

[Parte  per  100,000.] 


Dat«  op 

Afpbaranck. 

RasiDua  ow 

EVAl^RATIOH. 

Ahxonxa. 

S 

NITBOGBX 
AS 

1 

1 

1 

i 

1 

1 

§1 

S 

1 

ii 

1 

1 

8456 
8457 
8798 

Iff 

Oct.  26 
Oct.  26 
Dec.  27 

S8. 
Oct,  29 

Oct..  29 

Dec.  28 

None. 
Slight. 
SUght. 

None. 
Very  Blight. 
VeryeUght. 

1.40 
0.55 
0.45 

6.95 
4.75 
4.85 

3.15 
2.05 
1.60 

1.82 

8.60 
2.70 
8.25 

.0016 
.0004 
.0014 

.0290 
.0272 

.0276 
.0238 

.0220 
.0194 

.45 
.36 
.46 

.0020 
.0020 
.0040 

.0002 
.0002 
.0003 

Ay, 

0.50 

4.80 

2.68 

.0044 

.0248 
.0216 

.41 

.0080 

.0002 

Odor,  faintly  vegetable. Sample  No.  8456  vaa  collected  from  brook  which  runs  Into  FllMng's 

Pond.    Nos.  3457  and  8798  were  collected  from  the  pond  at  the  dam.    Sample  No.  8456  ia  omitted  from 
the  average. 


Microscopical  Examination. 


1888. 


Oct 


Oct 


Dec 


1.  Bine-green  Alga, 

2.  Other  Alga,      . 
8.  Fnngi, 

4.  Animal  Forma, 


0.0 
0.1 
0.0 
0.0 


0.0 
pr. 
0.0 
pr. 


0.0 
pr. 
0.0 
0.0 


Chronps  and  principal  genera  of  organisms  observed :    2.  Diatomaoeas.    4.  Protozoa. 
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Chemieai  Examination  of  Water  from  Suntaitg  Lake  in  LynnJUld. 

[Part»  per  100,000.] 


J 


Appkabascb. 


if 


BB8IDUB  ON 
EVAPOBATION. 


NiTEOGBN 


3458 
4189 
4671 
4715 


18 

Oct.  26 


Mar.    1 

Apr.  24 
May  22 


8S. 
Oct.  29 


Mar.    2 

Apr.  26 
May  23 


At. 


Very  slight. 
Very  alight, 
Very  Blight. 
Slight. 


Very  slight. 
VerysUght 


Sli't,  gray, 
floc't. 

VerysUght. 


0.0 
0.0 
0.0 
0.0 


8.20 
8.45 
8.70 
8.40 


0.90 
1.46 
1.80 
1.05 


2.80 
2.00 
2.40 
2.85 


.0006 


.0000 


.0036 


.0146 
.0146 

.0174 
.0120 

.0240 
.0202 

.0176 
.0126 


0.0 


8.44 


1.18 


2.28 


.0017 


.0184 
.0149 


.61 


.0020 
.0070 
.0000 
.0030 

.0OS3 


.0000 
.0001 
.0001 
0000 


Odor,  faintly  vegetable  or  xnoaldy.— ~The  samples  were  collected  from  the  lake  at  the  surface. 
No.  3458  was  collected  about  10  feet  from  shore i  south  side.  No.  4180  was  collected  60  feet  from  shore, 
south  side.  No.  4(71  was  collected  20O  feet  from  shore,  north  side.  No.  4715  was  collected  400  feet 
from  shore*  west  side. 


Microscopical  Examination, 

1888. 

1889. 

Oct. 

Mar. 

Apr. 

May. 

1.  Blue>green  Alg»,    . 

2.  Other  Alga>,    . 

pr. 
0.2 

0.0 
1.0 
pr. 
pr. 

0.0 
4.1 
0.0 
12.0 

0.0 
1.8 

3.  Fungi, 

0.0 

0.0 

4.  Animal  Forms, 

0.0 

pr. 

Groups  and  principal  genera  of  organisms  observed :    1.  Cyanophycefe.    2.  DiatonuMen,  Synedra% 
SiephaaodUau ;  ZoogporetB,    8.  Schlzomycetes.    A,  Trotozotk,  JHnobryon. 


The  works 
The  original  works  were  built  in  1870. 


Watek  Supply  op  Malden. 
Description  of  Works.  —  Population  in  1885,  16,407. 
are  owned  by  the  city. 
The  average  daily  consumption  for  the  last  six  months  of  1888  was 
estimated  to  be  about  1,000,000  gallons.  There  are  two  distinct 
sources  of  supply,  —  Spot  Pond  in  Stoneham  and  a  system  of 
tubular  wells  at  Webster  Park  in  Maiden.  The  city  has  also  the 
rigbt  to  take  the  waters  of  Martin's  Pond  in  North  Beading. 
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The  original  source  of  supply  is  Spot  Pond  in  Stoneham.  The 
area  of  this  pond  at  high  water  is  296  acres  and  its  maximum  depth 
is  37  feet;  the  bottom  is  generally  muddy.  There  are  61  acres 
of  the  pond,  nearly  all  of  it  at  one  end,  where  the  water  does  not 
exceed  six  feet  in  depth  when  the  pond  is  full.  The  remaining 
portions  of  the  pond  are  quite  deep  and  the  shores  are  generally 
abrupt.  Its  capacity^  abqve  a  plane  8  feet  below  high  water,  Is 
554,000,000  gallons,  and  above  a  plane  15  feet  below  high  water 
the  capacity  is  837,000,000  gallons.  The  watershed  of  the  pond, 
by  a  careful  examination  of  the  ground  and  an  estimate  from  the 
new  topographical  map  of  Massachusetts,  is  found  to  be  1,296 
acres,  including  the  area  of  the  pond.  It  is  generally  very  rocky 
and  covered  with  a  growth  of  wood,  though  it  contains  also  consid- 
erable areas  of  swamp  land.  There  is  one  pond  on  the  watershed, 
known  as  Doleful  Pond,  which  has  an  area  of  about  7.5  acres.  The 
watershed  contains  at  the  present  time  few  inhabitants,  but  the 
village  of  Stoneham,  which  is  located  just  outside  the  watershed,  is 
beginning  to  encroach  upon  it. 

Water  from  Spot  Pond  can  be  supplied  to  the  city  by  gravity, 
but  pumping  is  resorted  to  much  of  the  time  as  the  pressure  of  the 
gravity  supply  is  small.  Distributing  mains  are  of  wrought  iron 
lined  with  cement.  Service  pipes  are  nearly  all  of  lead.  Exten- 
sions of  the  distributing  mains  are  made  with  cast-iron  pipes. 

The  second  source  of  supply  is  a  system  of  tubular  wells  located 
at  Webster  Park,  formerly  known  as  Eaton's  Meadows,  in  Maiden. 
There  are  51  wells  in  all,  sunk  to  rock  at  an  average  depth  of  65 
feet.  The  direct  watershed  supplying  the  wells  was  estimated,  after 
a  careful  examination,  to  be  a  little  less  than  one  square  mile.  The 
population  on  this  area  is  estimated  to  be  about  2,400.  Some  other 
watersheds,  containing  a  still  larger  area,  probably  contribute  some 
water  to  the  wells.  Pumps  force  the  water  from  the  wells  to  a 
covered  iron  tank  75  feet  in  diameter  and  35  feet  in  height.  Water 
from  this  system  is  generally  used  for  high-service  distribution,  but 
may  be  supplied'  to  any  part  of  the  city.  Distributing  mains  are  of 
cast  iron.     Service  pipes  are  of  lead. 

A  disagreeable  odor  and  taste  in  the  water  of  the  pond  has  been 
complained  of  during  several  years  since  the  works  were  built,  and 
was  very  serious  in  May  and  June,  1887,  but  there  has  been  no 
serious  recurrence  of  this  trouble  since  that  year. 


Digitized  by  LjOOQIC 


1889.] 


WATER  SUPPLY  AND   SEWERAGE. 


213 


The  towns  of  Medford  and  Melrose  also  obtain  their  supply  of 
water  from  Spot  Pond,  each  town  being  entitled  to  one-third  of  the 
water  of  the  pond.  For  analyses  of  water  from  Martin's  Pond,  see 
North  Reading. 


Chemical  Examination  of  Water  from  Spot  Pond  in  Stoneham, 

[Parta  per  100,000.] 


DATS  OP 

ArPKAlUKCK. 

Rksiduk  om 

EVAFOKATIOK. 

ammomu.  ; 

i 

NiTSOOKN 
A8 

^ 

O 

0 

1' 

1 

«: 

1 

1 

,1 

h 

1 

is 

< 

j 

1 

u 

J«5 

9 

18 

Hay  24 

87. 
May 

25 

Decided. 

Slight. 

. 

4.65 

1.43 

3.12 

.0015 

.0210 

_ 

_ 

_ 

10 

May  24 

May 

25 

Decided. 

Slight. 

- 

4.23 

1.73 

2.60 

.0028 

.0226 

- 

- 

- 

217 

June  29 

June  29 

Slight. 

Slight. 

0.30 

4.22 

1.37 

2.85 

.0008 

.0213 

.45 

.0000 

- 

226 

June  30 

July 

1 

Slight. 

Slight. 

0.30 

4.40 

1.12 

8.28 

.0002 

.0255 

.44 

.0020 

- 

345 

Jnly    2 

July 

2  1  Slight. 

None. 

0.20 

5.30 

1.30 

4.00 

.0002 

.0161 

.46 

.0070 

- 

440 

Jaly  29 

July 

29 

Very  alight. 

None. 

0.35 

4.12 

0.42 

3.70 

.0000 

.0144 

.43 

.0080 

- 

442 

JoJy  29 

July 

29 

Veryalight. 

Sin,  rusty. 

0.20 

;    4.35 

0.65 

3.80 

.0004 

.0162 

.45 

1.0030 

- 

445 

Jnly  29 

July 

30 

Slight. 

Sll't.brown. 

0.20 

'   4.45 

1.60 

2.05 

.0000 

.0180 

.46 

.0000 

- 

642 

Aag.80 

Aug. 

30 

Slight. 

Veryalight. 

0.35 

1    4.16 

1.15 

3.00 

.0002 

.0210 

.46    .0030 

- 

643 

An  J?.  30 

Aug. 

30 

Slight. 

None. 

0.25 

4.25 

1.27 

2.08 

.0002 

.0209 

r 

.49 

.0000 

- 

875 

Oct.     3 

Oeu 

4 

DlaUnet. 

Sirt,  brown. 

0.20 

4.30 

1.32 

2.98 

.0000 

.0242 

.49 

.0040 

- 

1090 

Xov.    2 

Nov. 

2 

Slight. 

SUt.brown. 

0.20 

4.10 

1 

1.45 

2.65 

.0000 

.0260 
.0244 

.48 

.0050 

- 

1321 

Dec     5 

Dec. 

6    Verysltgbt. 

Sll't.brown. 

0.20 

i    8.86 

1.60 

2.85 

.0000 

.0223 

.45 

.0000 

- 

1528 

IS 

Jan.     S 

88. 
Jan. 

4    Slight. 

Sli*t,  white. 

o.ao 

1 

:    4.30 

1.16 

3.15 

.0000 

.0192 

.44 

.0100 

.0000 

1735 

Feb.    S 

Feb. 

3 

Slight. 

Slight. 

0.40 

4.30 

1.40 

2.90 

.0000 

.0281 

.60 

'.0080 

1 

.0000 

1945 

Mar.    SP 

Mar. 

5 

Veryalight. 

Veryalight. 

0.30 

4.10 

0.95 

3.15 

.0022 

.0180 

.48 

.0080 

.0000 

2150 

Apr.    3 

Apr. 

4 

Slight. 

i 

Veryalight, 
white. 

0.15 

4.20 

1.15 

3.05 

.0002 

.0233 

.46 

.0060 

.0001 

2346 

May    2 

May 

3 

Slight. 

Sirt,  white. 

0.25 

4.15 

1.60 

2.55 

.0000 

.0218 

.43 

1.0060 

1 

.0001 

2540 

«rune   4 

June 

6 

Veryalight. 

Sll»t,  white. 

0.30 

4.25 

1.25 

3.00 

.0004 

.0218 
.0216 

.40 

.0020 

.0000 

2710 

July    2 

July 

6 

Slight. 

Slight. 

0.20 

3.85 

1.46 

2.40 

.0026 

.0204 
.0188 

.43 

.0080 

.0001 

285S 

July  31 

Aug. 

1 

Slight. 

None. 

0.20 

4.00 

1.10 

2.90 

.0002 

.0280 
.0216 

.45 

.0000 

1 

.0000 

8076 

Sept.  5 

Sept. 

6 

Slight. 

Veryalight. 

0.10 

3.65 

1.20 

2.46 

.0000 

.0222 
.0174 

.40 

.0060 

.0000 

3809 

Oct     3   Oct. 

4 

Diatinot. 

1 

Slight. 

0.10 

1 
3.80 

1.20 

2.60 

.0020 

.0318 
.0188 

.39 

.0030 

1 

.0002 
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Chemicai  Examination  of  Water  from  Spot  Pond  in  Stoneham — Concluded. 


Datk  or 

Appkabakok. 

RK8IDUK  ON 
EVAPOUATIOK. 

Ammoxia. 

1 

NITSOOKV 
AS 

a 

a 

M 

if 

1 

1 

1 

ji 

1 

1 

1^ 

1 

§ 

3493 

18 

Nov.   1 

Nov.    2 

Slight.^ 

Very  Blight. 

0.15 

8.60 

1.05 

2.55 

.0004 

.02fi0 
.0206 

.41 

.0060 

.0001 

3647 
8824 

Dec.    4 

18 

Jan.    8 

Dec.    5 

89. 

Jan.     4 

Slight. 
Slight. 

Veryalight. 
Very  Blight. 

0.25 
0.30 

3.60 
3.60 

1.85 
1.05 

2.25 
2.55 

.0004 
.0010 

.0204 
.0180 

.0264 
.0184 

.45 
.47 

.0050 
.0070 

.0002 
.0004 

3981 

Fob.    6 

Feb.    7 

Very  slight. 

Slight. 

0.20 

3.70 

1.35 

2.85 

.0006 

.0194 
.0188 

.42 

.0100 

.0001 

4232 

Mar.    6 

Mar.    7 

Slight. 

VeryBlIght. 

0.20 

8.60 

1.20 

2.40 

.0030 

.0192 
.0176 

.46 

.0070 

.0004 

4478 

Apr.   8 

Apr.    9 

SUght. 

Slight. 

0.30 

3.46 

0.90 

2.55 

.0010 

.0214 
.0182 

.44 

.0050 

.0002 

4628 

May    8 

May    8 

Slight.   . 

Sll't.  white. 

0.35 

3.35 

1.85 

2.00 

.U02U 

.0230 
.0206 

.43 

.0080 
.0044 

.0001 

Av. 

0.24 

4.30 

1.24 

3.06 

1 

.0007 

.0216 

.45 

.0001 

HardneBB  in  May,  1888, 1.8;  in  December,  1888, 1.5.    Odor  from  June,  1887,  to  Jane,  1888,  generally 

disagreeable;  since  June,  1888,  vegetable  and  occasionally  mouldy. Samples  Nos.  0  and  245  were 

collected  from  a  fancet  in  Oak  Orove  Station,  Maiden.  Nos.  226  and  440  were  collected  from  a  faucet 
in  Melrose  pumping  station.  Nos.  442  and  043  were  collected  from  a  faucet  in  the  Boston  &  Maine 
Railroad  Station,  Maiden.  Nos  10,  217,  445,  642,  875,  1090,  1321,  1528,  1735,  1945,  2150  and  2346  were 
collected  from  a  faucet  in  a  house  in  Medford  on  the  line  of  the  main  pipe  one  and  one-half  miles  from 
the  pond.    The  remaining  samples  were  collected  from  Spot  Pond  near  the  Maiden  pumping  station. 


Microscopical  Examination. 


- 

1888. 

1S8». 

June. 

.July.  July.  Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 'May. 

1.  Blue-green  Algso,  .        .        . 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algaj 

1.3 

pr. 

0.9 

0.9 

pr. 

7.1 

5.1 

0.1 

0.3 

0.3 

1.0 

0.2 

3.  Fungi, 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,       .... 

pr. 

0.1 

2.9 

1.5 

0.0 

0.9 

0.3 

0.1 

pr. 

0.6 

0.2 

0.1 

Groups  and  principal  genera  of  organisms  observed:  1.  Cyanophyceee.  2.  Palmellacess;  Zoo- 
sporeie;  Desmidiacead ;  Diatomaoen,  Melosira,  TabeUaria.  3.  Schizomycetes.  4.  Protozoa,  I'iri' 
dinium;  Botifera;  Entomostraea. 
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Table  Showing  Heighta  of  Water  in  Spot  Pond  ai  the  Times  when  Samples  of 
Water  were  collected  for  Analysis. 

Nan.— HeighU  are  In  feet  above  or  below  high- water  mark.    The  eign  "  +  "  indlcatee  "  above 
Idgji  water."    The  sign  "  ~  "  Indicates  **  below  high  water." 


DATE. 

Height  of 
Water. 

DATE. 

Height  of 
Water. 

1887. 

May24 

June  29, 

Jnly2 

Jaly2», 

AugnataO, 

Octobers 

November  2 

Decembers, 

1888. 

Januarys, 

February  2, 

MarehS, 

Aprils 

May2, 

— 0.2S 
— O.M 
-1.06 
—1.41      • 
-1.8S 
—2.61 
-3.14 
-S.44 

—2.79 
-3.00 
-2.08 
0.00 
-«.04 

1888. 

Jane  4, 

Jaly2 

July  81 

Septembers 

Octobers, 

November  1, 

December  4, 

1888. 

Januarys 

February  6, 

March  6 

Aprils, 

Mays 

—0.04 
-0.96 
-2.08 
—2.76 
—2.17 
-1.66 
+0.12 

-fO.04 
0.00 
+0.04 
-O.04 
—0.08 

Chemical  Examination  of  Water  from  Tubular  Wells  at  Webster  Park,  Maiden, 

[Parts  per  100,000.] 


Appbajurob. 


t 


Rbsiddb  ov 

EVAPOBATIOir. 


si 


NiTBOOBN 
AS 


None. 
None. 
None. 

None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 


None. 
None. 
None. 

None. 
None: 
None. 
None. 
None. 
None. 
None. 
None. 


0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


16.80 
18.70 
16.80 

16.60 
16.80 
14.60 
16.00 
16.40 
16.00 
16.80 
16.70 


.0000 
,0000 
,0000 

.0004 
.0000 
.0000 
,0000 
.0000 
.0000 
.0000 
.0000 


.0004 
.0000 
.0024 

.0000 
.0008 
.0006 
.0000 
.0000 
.0004 
.0014 
.0000 


2.21 
2.18 
2.20 

2.14 
2.10 
2.24 
2.14 
2.14 
2.08 
2.16 
2.10 


.3000 
.5000 
.6200 

.4600 
.6000 
.8000 
.4800 
.4800 
.4800 
.4850 
.6000 
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Chemieal  Examinaticm  of  Water  from  Tubular  Wells  at  Webster  Park, 
Maiden — Concladed. 


Datb  of 

ApnumiLNCB. 

RB8IDUK  on 

EVAPOKATIOK. 

AlUCOHIA. 

1 

NiTBOGBH 
A8 

1 

s 

ji 

H 

*i 

1 

t 

h 

i 

Ii 

i 
1 

i 

5 

'A 

m 
8400 

IS 

Mar.    9 

Mar.  16 
Oct.  80 

Mar.   0 

Mar.  15 
Oct.  81 

None. 
Nona. 
None. 

None. 
None. 
None. 

0.0 
0.0 
0.0 

17.40 
15.80 
21.80 

- 

- 

.0000 
.0000 
.0000 

.0000 
.0004 
.0000 

2.14 
2.09 
2.81 

.4800 
.5000 
.6000 

- 

At. 

0.0 

16.09 

- 

.0000 

.0005 

2.20 

'.4768 
1 

1 

Hardnesf,  average  of  b»  o  and  in,  6.4.    Odor,  none. These  samples,  with  the  exception  of  No. 

8460,  were  collected  while  pumping  from  12  trial  wells  during  a  time  when  a  test  of  the  yield  of  the  wells 
was  being  made.  A  preliminary  test  was  made  Nov.  8  to  Nov.  14,  1887,  daring  which  time  630,578 
gallons  in  all  were  pumped  from  the  wells.  The  final  test  was  begun  on  Dec.  17, 1887,  and  ended  March 
16, 1888,  during  which  time  the  average  daily  quantity  of  water  pumped  from  the  wells  was  846,945 
gallons.  No.  8460  was  oolleoted  from  one  of  the  trial  wells  several  months  after  pumping  waa  disoon- 
tinned. 


Oetober,  1888.    No  organisms. 


Microscopical  Examination, 


Chemical  Examination  of  Water  from  a  Flowing  Tubular  Well  near  Webster  Park, 

in  Maiden. 

[Parts  per  100,000.] 


P 
8470 
Av. 


Datb  or 


18  87. 

Nov.   5  I  Nov.    6 


Nov.  21 ;  Nov.  21 


1888. 

Oct.  80   Oct.  31 


Appbabavos. 


None. 
None. 

None. 


None. 
None. 

None. 


I 


0.0 
0.0 


Rksidub  on 

EVAPORATIOir. 


14.80 
18.70 


0.0   114.70 


0.0  ,  14.40 


11 


Ammomxa. 


.0000 
.0004 

.0000 


.0001 


.0000 
.0020 

.0002 


.0007 


1.74 
1.74 

1.83 

1.60 


KiTROOBX 


8 
I    I 


.6000 

.3500 

.7500 


The  samples  were  collected  from  Eaton's  fiowing  well  in  the  vicinity  of  Webster  Park. 


October,  1888.    No  organisms. 


Microscopical  Examination. 
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Water  Supply  of  Mansfield  Water  Supply  District, 

Mansfield. 
Description  of  Works,  —  Population  of  the  town  of  Mansfield  in 
1885,  2,939.  The  works  are  owned  by  the  district.  Water  was 
introduced  in  1888.  The  average  daily  consumption  for  the  first 
seven  months  of  1889  was  104,108  gallons,  much  of  the  water  being 
used  by  the  Old  Colony  Railroad.  The  source  of  supply  is  a  large 
well  located  in  the  immediate  vicinity  of  some  large  springs  known 
as  the  Gate  Springs,  near  the  Canoe  River  in  Mansfield.  The  well 
is  25  feet  in  diameter  and  20  feet  deep,  lined  with  brick  laid  in 
cement,  and  roofed  over  to  exclude  the  light.  Pumps  force  the 
water  from  the  well  to  an  open  iron  tank  20  feet  in  diameter  and 
103  feet  high.  Distributing  mains  are  of  cast  iron  and  service  pipes 
of  enameled  iron  and  of  lead. 


Chemical  ExamincUion 

Of 

Water  from  the  Well  of 

the  Mansfield  Water  Works. 

[Parts  per  100,000.] 

Datb  or 

AFl^BASAVOK. 

RK8IDDB  ON 
EVAPOBATIOK. 

Ammovia. 

1 

KiTROGU 

4a 

^ 

j 

§1 

1 

1 

1 

1 

§1 

1 

1 

< 

1 

S 

1882 

1 

IS  88. 

Feb.  23   Feb.  23 

None. 

Very  slight. 

0.0 

2.65 

_ 

_ 

.0000 

.0030 

.28 

.0060 

.0000 

3828 

Nov.  30 

Dec.    1 

None. 

None. 

0.0 

2.70 

- 

- 

.0000 

.0014 

.24 

.0080 

.0000 

3737 

I>ec.  18 

Dec.  19 

None. 

None. 

0.0 

2.90 

- 

- 

.0000 

.0010 

.25 

.0120 

.0000 

3S52 

18 

Jan.  15 

89. 

Jan.  16 

Xone. 

None. 

0.0 

2.65 
2.73 

" 

- 

.0000 
.0000 

.0000 
.0014 

.25 
.26 

.0080 
.0083 

.0000 

At 

. 

0.0 

- 

.0000 

Odor,  none. Sample  No.  1882  was  collected  from  the  Gate  Springs  before  the  well  of  the  Mans- 
field Water  Works  was  built.  Samples  Nos.  8628  and  3737  were  collected  from  a  faucet  at  the  pumping 
station  while  pnmplng.    No.  3852  was  collected  from  a  faucet  In  the  village. 

Microscopical  ExamincUion, 


1888. 

1880. 

Nov. 

Dec. 

Jan. 

1.  Blae-green  Alga» 

2.  Other  Algie, 

0.0 
0.0 

0.0 
0.0 

0.0 
pr. 
0.0 
0.0 

3.  Fnngl. 

4.  Animal  Forms, 

0.0 
0.0 

0.0 
0.0 

Groups  and  principal  genera  of  organisms  observed :    2.  DiatomacesB. 
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Water  Supply  of  Marblehead. 
Description  of  Works. — Population  in  1885,  7,517.  The  distrib- 
uting system  is  owned  by  the  town.  Water  is  at  present  supplied 
by  the  Marblehead  Water  Company  of  Swampscott.  The  town  of 
Marblehead  has  made  investigations  with  reference  to  securing  an 
independent  supply,  and  has  examined  various  sources,  among  others 
a  ground  water  within  the  limits  of  the  city  of  Salem,  an  analysis  of 
which  is  here  given.  For  a  description  of  the  works  of  the  Marble- 
head Water  Company  and  analyses  of  the  water,  see  Swampscott. 


ChemiccU  EzamincUion  of  Water  from  a  Tubular  Well  in  ScUem, 

[Parta  per  100,000.] 


DATS  OF 


I 


Appbabamcx. 


Rbsidub  on 
evaporatiow. 


Ammohia. 


1^ 


18 

Nov.^ 


88. 
Not.  24 


None. 


None. 


0.0 


9.95 


.0000 


.0008 


i.a^ 


.1250 


.0000 


Odor,  none. The  sample  waa  collected  from  a  flowing  tabalar  well  in  Salem  near  the  boondary 

between  Marblehead  and  Salem. 


No  organlama. 


Microscopical  Examination. 


Water  Supply  of  Maklborough. 

Description  of  Works.  —  Population  in  1885, 10,941.  The  works 
are  owned  by  the  town.  Water  was  introduced  in  1883.  The  aver- 
age daily  consumption  in  1888  was  292,400  gallons.  The  source  of 
supply  is  Lake  Williams  in  Marlborough.  The  area  of  the  lake  is 
72  acres  and  its  capacity  is  270,000,000  gallons.  There  is  little 
shallow  flowage  and  the  general  depth  of  the  lake  is  from  ten  to 
twenty-six  feet.  The  bottom  is  muddy.  The  watershed  of  about 
288  acres,  exclusive  of  the  area  of  the  pond,  is  generally  farming  and 
pasture  land.  The  town  has  begun  to  encroach  upon  the  watershed 
of  the  pond,  and  the  population  at  present  within  the  watershed  is 
estimated  to  be  about  200  people.  Water  is  pumped  from  the  lake 
to  an  open  distributing  reservoir  275  feet  long,  230  feet  wide  and  15 
feet  deep  when  full.  The  bottom  of  the  reservoir  is  of  clay  covered 
with  six  inches  of  gravel,  and  the  slopes  are  paved.  Water  is 
delivered  to  the  reservoir  on  one  side  and  is  drawn  out  at  the  other. 
During  the  summer  season  all  water  pumped  passes  through  the 
distributing  reservoir.  Distributing  mains  are  of  cast  iron  and 
service  pipes  are  of  wrought  iron  lined  with  cement. 
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Chemical  Examination  of  Water  from  Lake  WUliams,  Marlborough. 

[Parta  per  100,000.] 


Da'tb  of 

APPBABAWOa. 

Rbsidcb  oh 
£tapobatiov. 

AlUCOHIA. 

1 

KnaoGBH 

AS 

1 

1 

P 

f 

1 

1 

1 

1 

1 

•< 

S 

S 

183 

June  23 

87. 

June  24 

Slight. 

Veryslight. 

0.05 

4.05 

1.05 

3.00 

.0026 

.0205 

.46 

.0000 

- 

392 

July  22 

July  23 

SU»t,mUky. 

None. 

0.20 

4.40 

0.87 

8.53 

.0020 

.0208 

.42 

.0000 

- 

654 

Aag.80 

Sept.  1 

None. 

None. 

0.05 

4.07 

0.50 

3.57 

.0005 

.0182 

.42 

.0000 

- 

906 

Oct.  20 

Oct.  21 

Veryslight. 

VerysUght, 
white. 

0.05 

3.95 

0.65 

3.80 

.0000 

.0161 

.46 

.0070 

- 

1255 

Nov.  26 

Nov.  28 

Very  Blight. 

None. 

0.10 

4.10 

0.25 

8.85 

.0006 

.0144 

.48 

.0030 

- 

1478 

Dec.  22 

Dec.  23 

SUght. 

Veryslight. 

0.05 

4.00 

0.60 

3.40 

.0002 

.0104 

.47 

.0000 

- 

1738 

IS 

Feb.    2 

88. 
Feb.    3 

Slight. 

None. 

0.05 

4.15 

0.90 

8.25 

.0000 

.0183 

.50 

.0090 

.0001 

1892 

Feb.  27 

Feb.  28 

Veryslight. 

None. 

0.10 

4.20 

0.90 

8.30 

.0012 

.0196 

.49 

.0070 

.0001 

2119 

Mar.  29 

Mar.  30 

Decided. 

Sli't,  white. 

0.10 

4.05 

0.75 

3.30 

.0018 

.0214 

.42 

.0050 

.0002 

22S3 

Apr.  10 

Apr.  20 

Slight. 

Veryslight. 

0.10 

8.70 

0.55 

3.16 

.0000 

.0183 

«40 

.0080 

.0001 

2508 

May  23 

May  24 

Slight. 

Very  flight. 

0.10 

8.60 

0.65 

2.96 

.0002 

.0150 

.41 

.0050 

.0000 

2686 

June  28 

June  20 

Decided. 

Sli't,  white. 

0.00 

8.90 

0.55 

3.35 

.0000 

.0246 
.0156 

.44 

,0050 

.0000 

2784 

July  17 

July  18 

DistiDCt. 

Sli*t,  white. 

0.10 

4.05 

1.20 

2.85 

.0000 

.0244 
.0172 

.40 

.0000 

.0000 

30O6 

Aug.  21 

Aug.  22 

Slight. 

Veryslight. 

0.06 

4.40 

1.15 

3.25 

.0022 

.0208 
.0152 

.42 

.0000 

.0002 

8285 

Sept.  29 

Oct.     1 

Veryslight. 

Veryslight. 

0.00 

3.90 

1.00 

2.90 

.0000 

.0224 
.0198 

.44 

.0030 

.0002 

3461 

Oct.  27 

Oct.  29 

Slight. 

Sli't,  earthy 
andfibr'us. 

0.00 

4.15 

1.10 

3.05 

.0002 

.0242 
.0188 

.48 

.0020 

.0000 

86S1 

Nor.  29 

Nov.  30 

SU*t,mU]cy. 

Sli't,  white. 

0.05 

8.95 

1.25 

2.70 

.0002 

.0208 
.0186 

.44 

.0080 

.0000 

8761 
9802 

Dec.  20 

18 

Jan.  23 

Dec.  20 

80. 

Jan.  23 

Decided. 
Slight. 

Slight. 

Sli't,  light 
green. 

0.00 
0.05 

8.80 
3.75 

0.95 
1.25 

2.85 
2.50 

.0002 
.0002 

.0158 
.0184 

.0142 
.0184 

.45 
.47 

.0130 
.0220 

.0005 
.0000 

40(3 

Feb.  20 

Feb.  21 

Slight. 

Sli't,  green. 

0.05 

4.05 

0.70 

8.85 

.0000 

.0162 
.0126 

.45 

.0100 

.0008 

4866 

Mar.  20 

Mar.  21 

Slight. 

Veryslight. 

0.05 

3.85 

1.00 

2.85 

.0000 

.0284 
.0180 

.45 

.0100 

.0008 

4584 

Apr.  18 

Apr.  19 

DlaUnct. 

Sli't,  white. 

0.00 

4.00 

1.25 

2.75 

.0004 

.0286 
.0198 

.47 

.0020 

.0000 

4678 

May  16 

May  17 

Veryslight. 

Veryslight. 

0.00 

3.95 

0.95 
0.70 

8.00 
3.82 

.0020 

.0170 
.0164 

.49 

.0040 
.0053 

.0000 

At. 

0.06 

4.02 

.0006 

.0196 

.45 

.0001 

Hardness  in  May,  1888,  2.3.    Odor,  faintly  vegetable,  occasionally  mouldy  and  disagreeable. The 

samples  were  collected  from  a  faucet  at  the  pumping  station,  while  pumping,  with  the  exception  of 
Koa.  2686  to  4053  Inclnaive,  which  were  collected  from  the  lake.  There  were  heavy  rains  just  previous 
to  th*  ooJleetioD  of  Nos.  392  and  2119.  At  the  time  of  the  collection  of  No.  996  the  water  in  the  lake  was 
low.  The  height  of  the  water  in  the  lake  varied  only  about  2.7  feet  during  the  time  samples  were  col- 
lected. The  lowest  point  reached  was  In  October,  1887,  whieh  waa  over  a  foot  lower  than  the  lowest 
polDtrMcbedbil868. 
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Mieroseopical  Examination. 


1888.                                     1 

1889 

Jone. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Bine-green  Alg8D, 

0.0 

0.5 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

2.  Other  Alg», 

0.4 

1.1 

1.4 

pr. 

160.7 

11.1 

18.4 

5.0 

52.0 

4.4 

4.0 

1.1 

3.  Fungi,    .       . 

0.7 

pr. 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Fonni,     . 

0.0 

0.0 

pr. 

pr. 

24.0 

0.3 

0.0 

0.0 

0.2 

0.2 

0.6 

0.8 

Groups  and  principal  genera  of  organisms  observed :  1.  CyanophycciD.  2.  Palmellaceas ;  Zoo- 
sporeas;  Desmidiacen;  DiatomacesB,  Asterionella,  StephanodUcua,  Tabellaria.  8.  Bchizomycetes. 
4.  ^roiozoti,  IHnobryon,  Eydromorum;  Botifera;  Entomostraca. 


Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the 
Marlborough  Water  Works. 

[Parts  per  100.000.]  * 


Datk  of 

Rbsidde  ok 
Evaporation. 

Ammonia. 

i 

KlTKOGSN 
AS 

1 

1 

1 

1 

1 

1 

4 

1 

1 

ii 

1 

5*5 

S 

182 

18 

June  2? 

87. 

June  24 

Slight. 

Verysllght. 

0.05 

4.60 

1.00 

3.60 

.0017 

.0214 

.49 

.0000 

_ 

803 

July  22 

July  23 

Verysllght. 

Sll%brown. 

0.10 

4.12 

0.35 

3.77 

.0015 

.0209 

.39 

.0000 

1 

- 

656 

Aug.  30 

Sept.  1 

Very  slight. 

None. 

0.00 

4.27 

0.50 

8.77 

.0002 

.0179 

.45 

.0000 

- 

814 

Sept.  19 

Sept.  20 

Verysllght. 

Verysllght. 

0.00 

4.25 

0.60 

3.65 

.0005 

.0206 

.43 

.0030 

- 

997 

Oct.  20 

Oct.  21 

Slight. 

Verysllght, 
white. 

0.00 

4.25 

0.45 

3.80 

.0000 

.0184 

.47 

.0000 

i 

- 

1266 

Nov.  26 

Nov.  28 

Verysllght. 

Verysllght, 
white. 

0.05 

4.00 

0.55 

3.45 

.0014 

.0155 

.66 

!.0030 

- 

1477 

Dec.  22 

Dec.  23 

SUght. 

SU»t,  white. 

0.00 

4.25 

1.00 

3.25 

.0000 

.0174 

.49 

.0010 

- 

1730 

18 

Feb.    2 

88. 
Fob.    3 

Verysllght. 

None. 

0.00 

4.25 

0.70 

3.55 

.0002 

.0170 

.53 

.0060 

.0001 

1893 

Feb.  27 

Feb.  28 

Slight. 

Verysllght. 

0.10 

4.40 

0.95 

3.45 

.0012 

.0172 

.51 

.0050 

.0001 

2120 

Mar.  29 

Mar.  30    Distinct. 

SU't,brown. 

0.05 

3.90 

0.75 

3.15 

.0026 

.0194 

.44 

.0060 

.0002 

2254 

Apr.  19 

Apr.  20 

Slight. 

SU»t,  white. 

0.05 

3.70 

0.55 

3.15 

.0002 

.0176 

.40 

.0100 

.0001 

2504 

May  23 

May  24 

Slight. 

SUght. 

0.10 
0.04 

3.65 

0.70 

2.95 

.0002 

.0134 

.42 
.46 

.0040 

.0000 

Ar 

4.14 

0.68 

3.46 

1.0008 

1 

.0181 

.0032 

.0001 

Hardness  in  May,  1888,  2.2.  Odor,  faintly  vegetable, 
collected  from  a  faucet  at  a  house  near  the  reservoir.  No 
■iz  days  previous  to  the  collection  of  No.  997. 


>  occasionally  mouldy. The  samples  were 

water  had  been  pumped  into  the  reservoir  for 
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Microscopical  Examination. 


18SS. 


March. 


April. 


May. 


1.  Blue-green  Algs, 

2.  Other  Algae, 

3.  Fungi, 

4.  Ajiimal  Forms,  . 


0.0 
0.0 
0.0 
pr. 


pr. 
0.0 
pr. 


0.0 
pr. 
0.0 
0.0 


Oroaps  and  principal  genera  of  organianu  observed :    2.  Palmellaceaa;  Dlatomaces.   4.  Protozoa. 


Water  Supply  of  Maynard. 
Description  of  Works. — Population  in  1885,  2,703.  The  works 
'are  owned  by  the  town.  Water  was  introduced  in  December,  1889. 
The  source  of  supply  is  White  Pond  in  Hudson  and  Stow.  The 
area  of  White  Pond  is  58  J^  acres.  The  watershed  is  flat,  sandy  land, 
and  its  limits  are  indefinite ;  its  area,  exclusive  of  the  pond,  is  esti- 
mated to  be  125  acres.  Water  is  drawn  from  the  pond  by  means  of 
a  long  conduit  of  vitrified  pipe  to  a  pumping  station,  from  which  it 
is  forced  by  pumps  to  a  distributing  reservoir  and  to  the  village. 
The  distributing  reserv6ir  is  circular  in  shape,  120  feet  in  diameter, 
and  20  feet  in  depth  at  high  water.  The  bottom  is  of  concrete  and 
the  slopes  are  paved  and  cemented.  Distributing  mains  are  of  cast 
iron ;  service  pipes  are  of  wrought  iron  lined  with  cement. 


Chemical  Examination  of  Water  from  White  Pond. 

[ParU  per  100,000.] 


Date  ov 

1                      APPK4RANCK. 

Rksiddk  on 

EVAPOHATION. 

AlfMOHIA. 

i 

NiTROGKir 
A8 

1 

a 

a 
'A 

I 

|i 

Turbidity. 

*k 

! 

1 

§1 

1 

1 

2 

it 

1 

S 

789 

18  87. 

Sept.  14   Sept.  15 

Distinct. 

Sll't.eartliy. 

0.0 

1.70 

0.65 

1.05 

.0001 

.0110 

.«. 

.0130 

- 

Odor,  very  faint  or  none. Tlie  sample  was  collected  from  the  pond  800  feet  from  shore  and  6 

loches  benea^  the  surface. 
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Water  Supply  of  Medford. 
Description  of  Works.  —  Population  in  1885,  9,042.  The  works 
are  owned  by  the  town  and  were  built  in  1870.  There  were  1,998 
families  supplied  in  1888.  The  source  of  supply  is  Spot  Pond  in 
Stoneham,  from  which  water  is  generally  distributed  by  gravity. 
Distributing  mains  are  of  wrought  iron  lined  with  cement.  Service 
pipes  are  of  wrought  iron  lined  with  cement  and  of  galvanized  iron. 
A  small  reservoir  was  built  at  the  pond  in  1883,  into  which  water  is 
pumped  to  supply  the  town  when  the  water  in  the  pond  is  below  the 
top  of  the  inlet  pipe.  For  a  description  of  Spot  Pond  and  analyses 
of  its  water,  see  Maiden. 

Chemical  Examination  of  Water  from  Saville^s  Ice  Pond  in  Medford, 

[Parts  per  100,000.] 


Date  of 

Appkaramcb. 

RKsionis  ON 
Evaporation. 

Ammonia. 

1 

NmoGKS 

AS 

^ 

j 

j' 

if 

i 

♦1 

B 

1 
1 

1 

1 

§1 

1 

I 

|l 

^ 

^ 

4698 

1ft 

May  20 

May  21 

Slight. 

Bll't,  red- 
dish  brown. 

0.60 

1 
4.35 

1.55 

'■'' 

.0026 

.0304 
.0268 

,'i 

.32    .0030 

.0001 

Odor,  vegetable  and  mouldy. The  sample  was  collected  from  the  pond.    This  ezamlnation  wa« 

made  with  reference  to  a  proposed  additional  water  supply  for  Medford. 

Microscopical  Examination, 

May,  1889.    1.  Blue-green  algn,  0.0;    2.  Other  algro,  1.7;    3.  Fungi,  pr.;    4.  Animal  forms,  O.S. 
Groups  and  principal  genera  of  organisms  observed:    2.  Palmellacea;  Zoospores;  Diatomacese. 
3.  Schizomycetes.    4.  Protozoa;  Rotifera. 


Chemical  Examination  of  Water  from  Lower  Mystic  Lake,  a  Tidal  Basin^ 

in  Medford, 

[Parts  per  100,000.] 


Datb  op 

Appbaraxck. 

Rksidub  on 
Evaporation. 

Ammonia. 

i 

1 
NiTBOosar 

AS 

s 

1 

jl 

6 

j 

^ 

|6 

1 

1 

^ 

i 

is 

428 
429 

July  27 
July  27 

87. 
July  29 

July  29 

Vory  slight. 
Very  slight. 

Con.,  dark. 
Con.,  dark. 

- 

241.50  32.40 

1 

240.4032.70 

1 

209.10 
216.70 

.0578 
.0470 

.0506 
.0481 

1 

127.0 
119.0 

- 

- 

L 


Sample  No.  428  was  collected  from  about  the  middle  of  the  upper  half  of  the  lake.  No.  420  was 
collected  from  the  stream  at  the  first  bridge  below  the  lake.  The  tide  was  ninnlng  out  at  the  time  tlie 
sample  was  collected. 
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Watee  Supply  of  Melbose. 
■  Description  of  Works.  —  Population  in  1885,  6,101.  The  works 
are  owned  by  the  town  and  were  built  in  1870.  The  average  daily 
consumption  during  a  part  of  1887  is  said  to  have  been  430,000 
gallons.  The  source  of  supply  is  Spot  Pond  in  Stoneham.  Water 
was  originally  distributed  by  gravity,  but  in  1886  a  distributing 
reservoir  was  built  and  all  water  is  now  pumped.  The  distributing 
reservoir  is  94  feet  square  on  the  bottom  and  145  feet  square  at  the 
top.  Its  depth  is  17  feet  and  its  capacity  is  1,500,000  gallons. 
Distributing  mains  and  service  pipes  are  of  wrought  iron  lined 
with  cement.  For  a  description  of  Spot  Pond  and  analyses  of  its 
water,  see  Maiden.  The  analyses  given  below  were  from  a  pond  in 
the  village  of  Melrose,  which  has  no  connection  with  the  water 
supply  of  the  town. 

Chemical  ExamincUion  of  Water  from  Ell  Pond  in  Melrose, 

[Parts  per  100,000.] 


DATS  OF 


IS 


APPBABAirCK. 


I 


Residue  ow       i 

EVAPORATIOX. 


el 


%' 


8441 
4102 


18 

Oct.  25 


8S. 
Oct.  20 


IS 

Feb.  23 


89. 

Feb.  25 


DlBtinct. 
Deeidod. 


CoD.,e*rthy< 


H'vy  .earthy 
and  floo't. 


0.60 
0.20 


8.00 
7.40 


2.10 


2.05 


5.90 


5.85 


.0180 


0240 


.0370 
.0224 


0130 


1.00 
0.94 


.0400 
.0600 


.0012 
.0009 


Odor,  faintly  mouldy. The  samplei  were  collected  from  the  pond  near  the  outlet. 

Water  Supply  of  Methuen. 
Description  of  Works.  — Population  in  1885,  4,507.     The  works 
are  merely  an  extension  of  the  water  works  system  of  the  city  of 
Lawrence,  into  a  portion  of  the  town.     See  Lavrrence. 


Water  Supply  of  Middleborouqh  Fire  District, 

MiDDLEBOROUGH. 

Description  of  Works. — Population  of  the  town  of  Middlebor- 
ough  in  1885,  5,163.  The  population  of  the  fire  district  was  esti- 
mated to  be  about  2,800  in  1887.  The  works  are  owned  by  the  Fire 
District.  Water  was  introduced  in  1885.  The  average  daily  con- 
somption  in  1888  was  about  90,000  gallons.  The  source  of  supply 
is  a  well  near  the  Nemasket  River  above  the  village  of  Middlebor- 
ough.  The  well  is  26  feet  in  diameter  and  22  feet  deep,  built  of 
stone,  laid  dry,  with  a  lining  of  brick  masonry  12  inches  in  thickness. 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


The  well  is  roofed  over  to  exclude  light.  Pumps  force  the  water  to 
a  covered  iron  tank  situated  on  the  opposite  side  of  the  village  from 
the  well,  so  that  while  pumping  the  supply  of  the  village  comes 
from  the  well.  The  tank  is  20  feet  in  diameter  and  103  feet  high, 
and  by  an  arrangement  of  valves  water  enters  the  tank  at  the  top 
and  flows  out  of  it  at  the  bottom.  Distributing  mains  are  of  cast 
iron.     Service  pipes  are  of  wrought  iron  lined  with  cement. 

Chemical  Examination  of  Water  from  the  Well  of  the  Middleborough  Fire  District, 

[Parta  per  100,000.] 


Datk  op 

APPK4EAHCB. 

RKfUIOUK  ON 
EVAI'URATION. 

j 

NlTBOGKM 
AS 

1 

1 

ii 

if 

I 

|- 

1 

1 

ii 

1 

1 

i^ 

-< 

1 

S 

04 

18 

June  14 

87. 
June  15 

None. 

None. 

0.0 

8.67 

^ 

_ 

.0006 

.0018 

1.18 

.1560 

. 

309 

July  11 

July  12 

None. 

None. 

0.0 

8.40 

- 

- 

.0006 

.0019 

0.90 

.0850 

- 

627 

Aug.  11 

Aug.  12 

None. 

None. 

0.0 

7.95 

- 

.0002 

.0028 

0.90 

.1630 

- 

741 

Sept.  12 

Sept.  13 

None. 

None. 

0.0 

8.72 

- 

- 

.0007 

.0022 

0.94 

.1140 

- 

040 

Oct.  12 

Oct.  13 

None. 

None. 

0.0 

7.85 

- 

- 

.0000 

.0014 

0.86 

.1050 

- 

1146 

Nov.  10 

Nov.  11. 

Very  ilight. 

None. 

0.0 

8.35 

- 

- 

.0000 

.0016 

0.91 

.1500 

- 

1395 
1670 

Deo.  13 

18 

Jan.  23 

Dec.  14 

88. 
Jan.  24 

Slight. 
None. 

Very  slight, 
earthy. 

None. 

0.0 
0.0 

8.80 
9.40 

"" 

"" 

.0004 
.0005 

.0018 
.0018 

1.02 
1.06 

.8000 
.2250 

■" 

1872 

Feb.  20 

Feb.  21 

None. 

Very  slight. 

0.0 

8.75 

- 

- 

.0005 

.0029 

1.10 

.1000 

.0002 

2083 

Mar.  21 

Mar.  22 

None. 

None. 

0.0 

8.75 

- 

- 

.0000 

.0020 

0.98 

.1700 

.0001 

2289 

Apr.  23 

Apr.  24 

None. 

None. 

0.0 

8.80 

- 

- 

.0000 

.0016 

0.97 

.1300 

.0001 

2474 

May  21 

May  22 

Very  slight. 

None. 

0.0 

9.00 

- 

- 

.0000 

.0014 

0.95 

.1600 

.0001 

2629 

June  19 

June  20 

None. 

None. 

0.0 

8.90 

- 

- 

.0000 

.0010 

0.97 

.1300 

.0001 

2841 

July  23 

July  26 

Very  slight. 

Very  slight. 

0.0 

8.15 

- 

- 

.0000 

.0032 

0.87 

.1500 

.0001 

3017 

Aug.  22 

Aug.  23 

SUght. 

Very  slight. 

0.0 

7.65 

- 

- 

.0000 

.0056 

0.84 

.0730 

.0001 

8267 

Sept.  26 

Sept.  27 

None. 

None. 

0.0 

8.40 

- 

- 

.0000 

.0024 

0.90 

.1000 

.0001 

3436 

Oct.  24 

Oct.  25 

None. 

None. 

0.0 

8.35 

- 

- 

.0000 

.0028 

0.98 

.1600 

.0001 

3589 

Nov.  22 

Nov.  23 

None. 

None. 

0.0 

8.75 

- 

- 

.oooa 

.0030 

0.95 

.1600 

.0001 

3754 

Dec.  19 

Dec.  20 

Very  slight. 

Very  slight. 

0.0 

9.20 

- 

- 

.0000 

.0018 

0.09 

.1650 

.0001 

8915 

18 

Jan.  23 

80. 

Jan.  24 

None. 

None. 

0.0 

8.50 

« 

_ 

.0000 

.0012 

0.97 

.1750 

.0002 

4157 

Feb.  27 

Feb.  28 

None. 

None. 

0.0 

8.55 

- 

.0000 

.0040 

0.09 

.3100 

.0000 

4427 

Mar.  28 

Mar.  20 

None. 

None. 

0.0 

8.50 

- 

.0000 

.0018 

0.96 

.1550 

.0001 

4575 

Apr.  25 

Apr.  26 

Very  Blight. 

None. 

0.0 

9.30 

- 

- 

.0008 

.OOtfJ 

1.01 

.1560 

.0001 

4717 

May  22 

May  23 

None. 

Very  slight. 

0.0 

9.00 

- 

- 

.0000 
.0002 

.0028 
.0023 

0.96 
0.W 

.0900 

.0001 

Av. 

0.0 

8.61 

- 

- 

.1559 

.0001 

Hardness  in  May,  1888,  3.5.    Odor,  none. The  samples  were  collected  from  a  faucet  at  the 

pumping  station  while  pumping. 
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Microscopical  Examination* 

18S8. 

188Q. 

Apr. 

May.  June.  July. 

Aug. 

Sept. 

oc. 

Nov. 

Dee. 

Jan. 

Feb.  Mar. 

Apr. 

May. 

1.  Blae-green  JLlga, 
S.  Othor  Algae, 
S.  FuQg^,  .... 
4.  Animal  Forms,  . 

0.0 
0.0 
pr. 
0.0 

0.0 
0.0 
pr. 
pr. 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.7 
0.0 

0.0 
0.0 
0.2 
0.0 

0.0 
pr. 
pr. 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.1 
0.0 
0.0 

0.0 
0.1 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

Groups  and  principal  genera  of  organisms  observed :  2.  Diatomacece.  3.  Schlzomycetes.   4.  Protozoa. 


ChemiccU  ExamincUion  of  Water  from  the  Tank  of  the  Middleborough  Water  Works, 

[Parts  per  100.000.] 


Date  o» 

Appbabarcb. 

Rbsidub  ok 

EVAPORATIOH. 

Ammonia. 

1 

NXTBOQEK 
AS 

i 

a 

1 

i 

f 

1 

1 

I 

1 

1 

11 

1 

S 
'A 

Ml 

18 

Oct.    12 

87. 
Oct.  13 

None. 

None. 

0.00 

8.45 

_ 

« 

.0000 

.0016 

0.86 

.1630 

_ 

1147    Nov.  10 

Nov.  11 

None. 

None. 

0.00 

8.35 

- 

- 

.0000 

.0014 

10.90 

.1500 

- 

1386    Dec.  13 

Dee.  14 

Very  slight. 

Very  slight. 

0.00 

!   9.10 

- 

- 

.0004 

.0018 

1.01 

.2000 

1671 

18  88. 
Jan.  23. Jan.  24 

Slight. 

Sli't,  brown. 

0.05 

9.65 

- 

_ 

.0000 

.0020 

1.08 

.2000 

.0001 

1873 

Feb.  20  ]  Feb.  21 

Very  slight. 

Very  slight. 

0.00 

9.25 

- 

- 

.0009 

.0020 

ll.Ol 

1 

.1600 

.0001 

2084 

^ar.  21 

Mar.  22 

Slight. 

Very  slight. 

0.10 

9.06 

- 

- 

.0008 

.0032 

0.98 

1 

.1800 

.0001 

2290 

Apr.  23 

Apr.  24 

Sl't,  milky. 

None. 

0.05 

9.25 

- 

- 

.0016 

.0032 

1.01 

.1500 

.0002 

2475 

Kay  21 

May  22 

Very  slight. 

None. 

0.00 

9.30 

- 

- 

.0000 

.0016 

!o.07 

.1700 

.0001 

2630 

June  19 

Jane  20 

None. 

None. 

0.00 

9.45 

- 

- 

.0000 

.0024 

0.98 

.2600 

,0001 

2842 

July  23 

July  26 

None. 

Very  slight. 

0.00 

8.85 

- 

- 

.0000 

.0018 

0.88 

.1600 

.0001 

3018 

Aug.  22 

Aog.23 

None. 

None. 

o.oo 

7.90 

- 

- 

.0000 

.0044 

0.80 

.1100 

.0001 

3208 

Sept.  26  Sept.  27 

None. 

None. 

0.00 

7.90 

- 

- 

.0000 

.0022 

0.90 

.1200 

.0000 

8137 

Oct.  24   Oct.  25 

1 

Very  slight. 

None. 

0.00 

8.85 

- 

- 

.0000 

.0080 

0.95 

.1500 

.0000 

Av. 

0.00 

8.87 

- 

.0003 

.0024 

0.05 

.1664 

.0001 

i 

Hardness  in  May,  1888,  3.5.    Odor,  none. The  samples  were  collected  from  a  faucet  about  one 

hundred  feet  from  the  tank,  with  the  exception  of  No.  2842,  which  was  collected  from  a  faucet  at  about 
the  middle  of  the  village,  as  the  tank  was  being  cleaned  and  painted  at  this  time. 


Microscopical  Examination, 

• 

1888. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1.  Blue-green  Algss, 

2.  OtherAlgs,         .        . 

3.  Fungi,  .... 

4.  Animal  Forms,    . 

'      • 

pr. 
0.0 
0.0 
0.0 

0.0 
pr. 
0.0 
0.0 

0.0 
pr. 
0.0 
0.0 

0.0 
pr. 
0.0 
0.0 

pr. 
0.0 
0.2 
pr. 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

Groups  and  principal  genera  of  organisms  observed:    1.  Cyanophyces.    2.  Desmidiacesd ;  D!a- 
lomaoen.    8.  Schlzomycetes.    4.  Nematoda. 

Digitized  by  LjOOQIC 


>8i 


226 
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[Dec. 


Chemical  Examination  of  Water  from  the  Nemasket  River  above  Middleborough, 

[Parts  per  100,000.] 


> 

Datk  op 

Appbaeaxcb. 

Rbbidub  on 
evatokatiok. 

AmiosriA. 

i 

1  NmoaBir 

'            A8 

'A 

u 

|! 

H 

e 

1 

H 

§1 

1^^ 

1 

1 

^ 

% 

S 

95 

18 

Jane  14 

87. 

June  15    Very8llght.'8Il't,brown. 

0.60 

8.47 

2.05 

1.42 

.0005 

.0200 

.49 

.0000 

» 

308 

July  11 

July  12 

None. 

None. 

0.70 

8.60 

1.80 

2.30 

.0006 

.0214 

'    .89 

j.OOOO 

- 

526 

Aug.  11 

Aug.  12 

None. 

None. 

0.35 

3.10 

1.80 

1.80 

.0003 

.0170 

.48 

'.0000 

- 

740 

Sept.  12 

Sept.  13 

SUght. 

Blight. 

0.20 

8.27 

1.05 

2.22 

.0001 

.0184 

.47 

.0000 

- 

939 

Oct.  12 

Oct.  13 

Very  Blight. 

VeryBllght. 

0.60 

8.76 

1.10 

2.65 

.0004 

.0205 

.61 

.0090 

1 

- 

1145 

Nov.  10 

Nov.  11 

Very  Blight. 

VeryaUght. 

0.10 

8.40 

1.30 

2.10 

.0006 

.0130 

.47 

.0080 

- 

1394 

Dec.  13 

Dec.  14 

VeryBllght. 

Slight. 

0.50 

4.45 

1.70 

2.75 

.0000 

.0210 

.52 

.0020 

- 

1609 

IS 

Jan.  23 

88. 

Jan.  24 

VeryBlight. 

VeryBllght. 

0.20 

8.30 

1.20 

2.10 

.0000 

.0172 

.43 

1 
.0050 

.0000 

1871 

Feb.  20 

Feb.  21 

VeryBllght. 

VeryBlight. 

0.20 

3.60 

1.40 

2.10 

.0002 

.0189 

.49 

.0100 

.0000 

2082 

Mar.  21 

Mar.  22 

Distinct. 

Slight. 

0.40 

3.60 

1.45 

2.05 

.0006 

.0211 

.45 

.0050 

1 

.0000 

2288 

Apr.  23 

Apr.  24 

Voryflight. 

VeryBlight. 

0*60 

3.10 

0.95 

2.15 

.0004 

.0198 

.44 

.oa'M) 

.0001 

2473 

May  21 

May  22 

VeryBllght. 

VeryBlight. 

0.60 

8.80 

1.70 

2.10 

.0000 

.0194 

.41 

.0050 

.0000 

2628 

June  19 

June  20 

VeryBlight. 

VeryBlight. 

0.70 

8.80 

1.60 

2.20 

.0000 

.0226 
.0224 

.43 

'.0030 

1 

.0001 

2840 

July  23 

July  26 

None. 

VeryBlight. 

1.10 

4.85 

2.15 

2.70 

.0012 

.0314 
.0270 

.41 

.0060 

1 

.0008 

8019 

Aug.  22 

Aug.  23 

SUght. 

Slight. 

0.80 

8.80 

1.60 

2.20 

.0000 

.0252 
.0228 

.34 

.0020 

.0000 

8260 

Sept.  26 

Sept.  27 

VeryBlight. 

Slight. 

0.60 

8.40 

1.50 

1.90 

.0000 

.0184 
.0178 

.32 

.0030 

.0002 

3435 

Oct.  24 

Oct.  25 

Slight. 

VeryBllght. 

0.60 

8.45 

1.55 

1.90 

.0002 

.0196 
.0184 

.42    .0030 

1 

.0001 

8588 

Nov.  22 

Nov.  23 

VeryBllght. 

Slight. 

0.70 

8.55 

1.90 

1.65 

.0002 

.0208 
.0188 

.42  \  .0050  .0002 

3753 
3914 

Dec.  19 

18 

Jan.  23 

Dec.  20 

80. 

Jan.  24 

VeryBllght. 
Slight. 

Slight. 
Slight. 

0.70 
0.70 

8.60 
8.50 

1.50 
1.55 

2.10 
1.95 

.0000 
.0004 

.0178  ' 
.0180 

.0186 
.0162 

.43 
.40 

.0030 
.0060 

.0002 
.0002 

4156 

Feb.  27   Feb.  28 

VeryBlight. 

VeryBlight. 

0.70 

8.60 

1.70 

1.90 

.0000 

.01921 

.0164; 

.44 

.0020 

.0001 

4428 

Mar.  28 

Mar.  29 

Slight. 

Slight. 

0.70 

3.25 

1.40 

1.85 

.0000 

.0203 ' 
.0172 

.42 

.0050 

1 

.0001 

4674 

Apr.  25 

Apr.  26 

Slight. 

Slight. 

0.80 

8.50 

1.70 

1.80 

.0002 

.0208 
.0192 

.41  j.0060 

.0002 

4716 

May  22 

May  23 

1 

VeryBlight. 

Slight. 

0.80 

8.75 

1.75 

2.00 

.0026 

.0258 ' 
.0228 

.88 
.43 

.0080 

.0002 

Av. 

0.56 

8.62 

1.38 

.«j 

.0003 

.0204, 

.0037 

1 

.0001 

HardncBB  in  May,  1888,  0.8.    Odor,  dlBtinctly  vegetable. The  aamplea  were  collected  from  the 

river  near  the  pumping  station  of  the  Middleborough  Fire  District,  at  a  depth  of  from  l}i  to  2hi  feet 
beneath  the  surface  of  the  water.  The  water  In  the  river  was  high  on  account  of  heavy  raine  at  the  time 
of  collecUng  samples  numbered  1871,  2082,  8019,  8266,  8485  and  3014.  This  river  rises  In  Aaaawompeet 
Pond,  2K  miles  from  the  point  where  the  samples  were  collected,  and  coosequently  has  the  character- 
isacs  of  the  water  of  the  pond. 
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Microseopical  Examination. 


188S. 

1889. 

Jane. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

Jon. 

Feb. 

1          1 
Mar.  Apr.  1  May. 

1.  Blae-green  Alg»,  .... 

pr. 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

2.  Other  Algss, 

0.2 

0.2 

0.2 

2.1 

pr. 

1.1 

0.1 

0.8 

10.8 

15.1 

4.0 

1.4 

3.  Fungi,      .        ..... 

0.1 

0.6 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  FonoB,       .... 

pr. 

0.0 

0.0 

0.0 

0.0 

0.1 

pr. 

0.1 

0.6 

1.4 

0.0 

0.0 

Groups  and  principal  genera  of  organisms  observed:  1.  Cyanophyeea).  2.  PalmellaceaB ;  Zoo- 
sporesB,  Ulothrix;  Desmidiaeen,  Diatomaces,  Asierumella,  Synedra,  Tabellaria;  Zygnemacen.  8. 
Bchlzomycetes.    4.  Protozoa,  Fsridinitun ;  Bpongiaria;  Botifera. 


Water  Supply  of  Middleton. 
Description  of  Works. — Population  in  1885,  899.     The  works 
are  owned  and  operated  by  the  town  of  Danvers  and  form  a  paii;  of 
the  Danvers  system.     See  Danvers. 


Watek  Supply  of  Milford  and  Hopedale.  —  Milford  Water 

Company. 
Description  of  Works.  —  Population  of  Milford  (including  Hope- 
dale)  in  1885,  9,343.  The  town  of  Hopedale  was  set  off  from  Mil- 
ford in  1886.  The  population  of  Hopedale  in  1887  was  estimated 
to  be  about  1,200.  The  works  are  owned  by  the  Milford  Water 
Company  and  were  built  in  1881.  The  average  daily  consumption 
in  1887  was  450,000  gallons.  The  sources  of  supply  are  three  wells 
in  Milford  on  the  right  bank  of  Charles  River  above  the  town,  sup- 
plemented in  emergencies  by  water  from  the  river.  The  wells  are 
each  30  feet  in  depth  and  14,  21  and  23  feet  respectively  in  diameter ; 
they  are  connected  and  are  roofed  over  to  exclude  light.  There 
is  a  direct  connection  between  the  well  nearest  the  pumping  station 
and  the  river.  The  company  also  owns  a  storage  reservoir  on  the 
river  above  the  wells.  This  reservoir  is  90  acres  in  area  and  its 
maximum  depth  is  about  25  feet.  Its  drainage  area  is  generally 
woodland  and  is  uninhabited.  The  water  in  the  river  beside  the 
wells  is  kept  at  a  constant  height  by  means  of  a  small  dam.  Water 
is  pumped  directly  into  the  mains,  no  reservoir  or  tank  being  used. 
Distributing  mains  are  of  cast  iron.     Service  pipes  are  of  lead. 
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Chemical  Examination  of  Water  from  Che  Wells  of  the  MUford  Water  Company. 

CParU  |>«r  100,000.] 


Datb  of 

ArPBASANCB. 

RBSmiTB  OH 
EVAl>OBATIOH. 

i 

'   MiTBOGBS 

1    " 

1 

9a 

1 

g 

& 

H 

1 

1 

1 

§1 
1^^ 

1 

i 

< 

1 

s 

leo 

lA 

Jane  21 

87. 

Jane  22 

Slight. 

SU»t,cUiyey. 

0.0 

4.57 

_ 

_ 

.0000 

.0023 

.21 

.0000 

^ 

394 

July  24 

July  25 

SUght. 

None. 

0.0 

4.08 

- 

- 

.0003 

.0028 

.28 

.0460 

- 

858    Sept.  28 

Sept.  30 

None. 

Slight. 

0.0 

3,70 

- 

- 

.0000 

.0024 

.25 

.0210 

- 

1432   Dec.  16 

Dec.  17 

None. 

None. 

0.0 

3.85 

- 

- 

.0000 

.0047 

.81 

.0330 

- 

18 

1701   Jan.  80 

88. 
Jan.  31 

Veryallgljt. 

None. 

0.0 

3.35 

_ 

- 

.0000 

.0017 

.27 

.0250 

.0001 

2127 

Mar.  30 

Mar.  31 

Slight. 

None. 

0.1 

8.10 

- 

- 

.0000 

.0046 

.25 

.0250 

.0001 

2492 

May  22 

May  23 

Slight. 

None. 

0.0 

3.60 

- 

- 

.0000 
.0000 

.0034 

.23 
.26 

.0200 

.0000 

Av. 

- 

3.71 

- 

.0031 

.0283 

1 

.0001 

Hardness  in  May,  1888, 1.6.    Odor,  very  faint  or  none. The  samples  were  collected  from  a  faacet 

In  the  pumping  station  while  pumping  water  from  the  wells. 


Microscopical  Examination, 

March,  1888.    No  organisms.    May,  1888.    1.  Blue-green  algas,  0.0;  2.  Other  algae,  pr;  3.  Fnngl,0.0; 
4.  Animal  forms,  0.0. 

Groups  and  principal  genera  of  organisms  observed :    2.  Dlatomacess. 


Chemical  Examinaiion  of  Water  from  a  Faucet  at  Hopedale  supplied  from  the 
MUford  Water  Company's  Works. 

[Parts  per  100,000.] 


Datb  o» 

Appeakarcb. 

i         RB8IDUB  ON 
1      EVAPOBATION. 

Ammokia. 

1 

NITROOBH 

AS 

^ 

1 

i 

f 

«1 

1 

1 

§1 

1 

1 

i| 

-< 

1 

il 

S 

1702 
2128 

18 

Jan.  30 

Mar.  30 

88. 

Jan.  81    None. 

Mar.  31    None. 

None. 
None. 

0.0 
0.0 

3.40 
8.10 

- 

- 

.0000 
.0000 

.0014 
.0030 

.27 
.24 

i 

.0300 

.0200 

1 

.0005 
.0001 

Odor,  very  faint  or  none. The  samples  were  collected  from  a  faucet  in  Hopedale  near  a  dead  end 

at  the  point  of  distribution  farthest  from  the  wells. 


March,  1888.    No  organisms. 


Microscopical  Examination. 
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Chemical  ExamituUion  of  Water  from  the  Charles  River  at  MQford. 

[Parts  per  100.000.] 


I 

I 


ss 


1431 

2126 
2481 


Av. 


18  87. 

Dee.  16 ,  Dec.  17 


Uar.  80 
May  S2 


18  A8. 


Mar.  31 
May  23 


Appsabamcb. 


Very  Blight. 

Distinct. 
Slight. 


Very  slight. 


VerysUght, 


1.10 


0.45 


VerysUght.  0.70 


0.75 


Rksiduk  om 

EVAPOBJLTJON. 


4.50 

2.70 
3.00 


3.40 


il 


2.10 

1.00 
1.30 


1.47 


2.40 

1.70 
1.70 


1.03 


Ammoxxa. 


.0035 

.0000 
.0002 


.0012 


.0260 
.0205 


Nitrogen 


.30 

.19! 
.18 


.0080 

.0080 
.0030 


.0063 


.0000 
.0000 

.0000 


Hardncas  In  May,  1888, 1.0.    Odor,  faintly  vegetable. The  samples  were  coUected  from  the  river 

near  the  pomping  station  of  the  Mllford  Water  Company. 

Microscopical  JSxamiruUion, 

March,  May,  1888.    1.  Bine-green  algce,  0.0;  2.  Other  algae,  pr. ;  3.  Fungi,  0.0;  4.  Animal  forms,  pr. 
Oronpa  and  principal  genera  of  organisms  observed :    2.  Palmellacen;  Zoospores;  Diatomaoeaa. 
4.  Protozoa. 

Proposed  Water  Supply  of  Millbury. 
Chemical  Examination  of  Water  from  a  Spring  and  a  Tubular  Well  in  Millbury. 

[Parts  per  100,000.] 


Date  or 

Evaporation. 

Ammonia. 

'I' 

Nitrogen 

AS 

1 

3 

'A 

j 

I- 

f 

«2 

I 

1 

il 

1 

1 

< 

1 

55 

S 

X375 
1377 

18 

Dec.  10 

Dec.  10 

87,          1 
Dec.  12 1 

Dec.  12 

VerysUght. 
BUght. 

VerysUght.    0.0 
VerysUght.    0.0 

3.05 
8.30 

. 

- 

.0000 
.0000 

.0030 
.0012 

.18 

.21 

1 

.0350 
.0400 

. 

Hardnese  of  No.  1375,  0.0;  of  No.  1377,  0.8.    Odor,  very  faintly  mouldy. Sample  No.  1375  was 

eollected  from  a  spring  Just  south  of  the  MUlbury  Branch  of  the  Boston  &  Albany  Railroad,  and  about 
half  a  mUe  north-east  of  the  village  of  Millbury.  Sample  No.  1377  was  collected  from  a  test  well  sunk 
to  a  depth  of  83  feet,  in  the  vicinity  of  the  spring  from  which  sample  No.  1375  was  collected. 


Chemical  Examination  of  Water  from  Singletary  Pond  in  Millbury. 

[I»«rt«  per  100,000.] 


Datr  of 

Appsarance. 

Residue  on 
Evaporation. 

Ammonia. 

g    j 

II 

Nitrogen 

AS 

s 

1 

is 

f 

1 

1 

1 

4 

1 

1 

^ 

1 

1376 

18 

Dec.  10 

87. 
Dec.  12 

DisUnct. 

Sll't,  white. 

0.15 

2.95 

0.95 

2.00 

.0011 

.0209 

.21 

1 

.0000 

- 

Hardness,  0^    Odor,  faintly  vegetable. The  sample  was  coUected  from  the  pond. 
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Water  Supply  of  the  State  Primary  School,  Monson. 
This  is  a  supply  to  a  public  institution.      The  main  source  of 
supply  is  a  small  storage  reservoir  formed  by  a  dam  across  a  ravine 
on  the  side  of  a  hill  about  half  a  mile  west  of  the  school. 

Chemical  Examination  of  Waier  from  the  Storage  Reservoir  of  the  State  Prirhary 

School  at  Monson, 

[ParU  per  100.000.} 


Date  of 


ii 


Afpkabaiick. 


Kbsiddk  on 
evaporatiox. 


ii 

< 


KlTROQEV 


2836 
2988 
8255 
3782 

Av. 


IS' 

July  24 
Aug.  20 
Sept.  24 
Dec.  21 


88.   . 
July  25 

Aug.  21 

Sept.  25 

Deo.  22 


DlBtlnct. 
Distinct. 
Slight. 
Slight. 


Slight, 
earthy. 

Much, 
brown. 

Heavy, 
brown. 

Slight. 


0.05 
0.15 
0.20 
0.05 


8.25 
8.95 
8.90 
2.70 


0.70 
1.00 
1.10 
0.75 


2.55 
2.95 
2.60 
1.95 


,0000 


,0088 


,0000 


.0248 

.om 

.0298 
.0160 

.0750 
.0144 

.0122 
.0080 


0040 
0050 
.0180 
.0150 


.0002 
.0006 
.0004 
.0002 


0.11 


3.45 


0.89 


2.56 


,0030 


,0355 
0127 


.0105 


.0004 


Odor,  very  fuint  or  none. The  samples  were  collected  from  a  faucet  In  the  school  bulldinga. 

Microscopical  Examination. 

1888. 

July. 

Aug. 

Sept. 

Dec. 

1.  Blue-green  Algae 

2.  other  Alg» 

3.  Fungi 

A.  Anlrnnl  "Porma. .......... 

0.0 

333.3 

0.0 

0.1 

0.0 

1502.1 

0.0 

pr. 

0.0 

1600.8 

0.0 

.  pr. 

0.0 
pr. 
pr. 
0.0 

Groups  and  principal  genera  of  organisms  observed:  2.  Zoosporen,  Scenedesmua ;  Diatomaceiae, 
Synedra.  8.  Schizomycetes.  4.  Rotifera;  Entomostraca.  Nearly  all  of  the  organisms  grouped  noder 
the  head  of  "  Other  algie  **  were  Synedra, 


Water  Supply  of  Turner's  Falls  Fire  District,  Montague. 
Description  of  Works.  — Population  of  the  town  of  Montague  in 
1885,  5,629.  The  works  are  owned  by  the  Fire  District.  Water 
was  introduced  in  1887.  The  average  daily  consumption  in  1888 
was  about  228,000  gallons.  The  source  of  supply  is  Lake  Pleasant, 
located  in  a  sandy  plain  in  Montague.  Its  area  is  45  acres  and  its 
maximum  depth  is  40  feet.  The  bottom  is  of  gravel.  Water  is 
drawn  from  the  lake  at  a  point  170  feet  from  the  shore  and  at  a 
depth  of  about  20  feet,  and  is  forced  to  the .  distributing  reservoir 
and  to  the  village.     The  distributing  reservoir  is  located  on  a  short 
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branch  from  the  main  pipe  about  midway  between  the  lake  and  the 

village.     The  reservoir  is  shaped  like  an  inverted  frustum  of  a  cone. 

Its  diameter  at  high  water  is  149  feet  and  at  the  bottom  is  110  feet. 

Its  depth  when  full  is  13  feet  and  its  capacity  1,270,000  gallons. 

The  bottom  of  the  reservoir  is  of  concrete  and  the  slopes  are  paved. 

Distributing  mains  are  of  cast  iron.     Service  pipes  are  of  wrought 

iron. 

Chemical  Examinaiion  of  Water  from  Lake  Pleasant,  Montague, 

[Partt  per  100,000.] 


Datk  o» 

AFPBA.SAXC1B. 

RaaiDUB  ON 

EVAPOBATION. 

AMHOaiA. 

i 

NiTBOOSN 
AS 

1 

s 

1 

al 

1 

1 

1 

1 

ii 
P 

1 

i 

J 

1 

S 

71 

18 

June   9 

87. 
June  11 

None. 

None. 

0.00 

1 
2.40   0.87 

1 

1 

1.53 

.0023 

.0145 

,08 

.0000 

_ 

281 

Joly    7 

July    8 

Slight. 

Sirt,  brown. 

0.00 

3.40   0.90 

2.50 

.0008 

.0100 

.11 

.0000 

- 

487 

Aug.  5 

Aug.   6 

Slight. 

Slight. 

0.10 

2.82   1.12 

1.70 

.0008 

.0113 

.16 

.0000 

- 

7W 

Sept.  7 

Sept.  9 

Decided. 

SH>,brown. 

0.05 

2.60  0.55 

2.05 

.0003 

.0099 

.09 

.0030 

- 

900 

Oct.    6 

Oct.     8 

Very  Blight. 

Veryaligbt. 

0.00 

2.00   0.70 

1.00 

.0000 

.0104 

.07 

.0000 

- 

lau 

Dee.    5 

Dec.    8 

Distinct. 

Sll*t,  white. 

0.00 

2.60 

0.70 

1.00 

.0063 

.0132 

.11 

.0010 

- 

18 

1&43  Jan.    5 

88. 
Jan.     8 

1 

,  Slight. 

Very  slight. 

0.00 

2.95 

O.TO 

2.25 

.0064 

.0120 

.12 

.0080 

.0000 

1836 

Feb.  14 

Feb.  15  ',  Slight. 

Slight. 

0.00 

2.35 

0.55 

1.80 

.0083 

.0096 

.09 

.0120 -.0000 

2089 

Mar.  10 

Mar.  19 

tTery  Blight.  None. 

0.00 

2.50 

0.40 

2.10 

.0037 

.0068 

.09 

0150 

.0000 

2217 

Apr.  13 

Apr.  14 

Very  Blight.  None. 

0.00 

2.15 

0.50 

1.65 

.0020 

.0046 

.09 

.0180 

.0002 

2413 

May  11 

May  14 

Very  Blight.' None. 

0.00 

2.35 

0.40 

1.95 

.0024 

.0046 

.07 

.0080 

.0000 

2778 

July  11 

July  14 

VoryBllght.  Slight. 

0.00 

2.25 

0.40 

1.85 

.0000 

.0070 
.0046 

.07 

.0020 

.0000 

2941 

Aug.  15 

Aug.  16 

None.           Very  slight. 

0.00 

2.35 

0.50 

1.85 

.0000 

.0072 

.13 

.0050 

.0000 

3213  Sept.  18 

Sept.  19 

Veryaligbt.  None. 

1                    1 

0.00 

2.40 

0.55 

1.86 

.0000 

.0068 
.0062 

.11 

.0030 

.0000 

337Q 

Oct,  15 

Oct.  17 

Ver>'BUght.  None. 

t 

0.00 

2.10 

0.40 

1.70 

.0002 

.0064 
.0042 

.09 

.0060 

.0001 

3594 

Not.  22 

Nov.  23 

VeryBlight.  None. 

0.00 

2.15 

0.50 

1.65 

.0036 

.0056 
.0052 

.08 

.0100 

.0001 

37« 
389e 

Dec.  19 

Dec.  22 

89. 
Jan.  23 

None. 
Very  Blight. 

None. 
None. 

0.00 
0.00 

2.10 
1.95 

0.50 
0.35 

1.60 
1.60 

.0034 
.0000 

.0076 
.0060 

.0052 
.0034 

.09 

.10 

.0060 
.0050 

.0001 
.0000 

4I» 

Feb.  28 

Feb.  27 

Very  Blight. 

Veryaligbt. 

0.03 

2.40 

0.46 

1,95 

.0016 

.0058 

.10 

.0120 

.0000 

ms 

Mar.  25 

Mar.  28 

None. 

None. 

0.00 

2.46 

0.50 

1.95 

.0014 

.0040 
.0038 

.07 

.0120 

.0001 

4584 

Ap*.2o 

Apr.  27 

,None. 

None. 

0.00 

2.05 
2.59 

0.20 
0.66 

1.85 
1.03 

.0008 

.0082 
.0066 

.10 

.0090 

.0001 

Af. 

- 

.0021 

.0081 

.10 

'.0064 

1 

1 

HBrdnesB  In  May,  1888, 1.2.    Odor,  very  faintly  vegetable,  frequently  none. The  namples  were 

ooUwted  from  the  lake  unill  March,  1888;  the  March  sample  and  those  following  were  collecud  from  a 
/ueet  in  the  village.    At  the  time  ^f  oollectlng  No.  281  the  lake  waa  uniiaiially  high,  and  at  tho  time  of  t 
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eoUectlDg  No.  487  the  lake  waa  said  to  be  the  highest  ever  known. 
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MicroscopiccU  Examination. 


[Dec. 


1888. 

1889. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

1.    Blue-green  Algae, 

0.0 

0.0 

0.0 

0.0 

0.0 

- 

0.0 

0.0 

0.0 

0.0 

2.    Other  Algae,     .        .        .        .        . 

1.1 

0.2 

0.1 

0.3 

7.2 

- 

0.1 

0.2 

pr. 

2.1 

8.    Fungi 

0.2 

0.0 

0.0 

0.0 

0.0 

- 

0.0 

0.0 

0.0 

0.0 

4.    Animal  Forms, 

0.0 

0.0 

pr. 

0.0 

0.0 

- 

0.4 

pr. 

0.2 

pr. 

Groups  and  principal  genera  of  organisms  observed :    2.  Palmellaces;  Zoospores;  Desmidlacee; 
DiatomacesB,  Jfetoaira.    3.  Schlzomyceles.    4.  I^rotozoa. 

Chemical  Examination  of  Water  from  Green  Pond,  Montague, 

[Parts  per  100,000.] 


! 
Datk  of                         Appeabakcx. 

Rksiduk  ov 

EVAPOKATIOK. 

Akmonia. 

1 

NiTRoour 

AB 

1 

D 

1 

Exam- 
iuation. 

Turbidity. 

1 

a 

1 

il 

3 

i 

1 

Sq 

283 

488 

IH 

July    7 

Aug.  4 

July    8    Slight. 

Aug.  6    Veryslight. 

1 

None. 
Veryslight. 

0.0 
0.0 

1.62 
1.70 

0.88 
0.86 

0.74 
0.86 

.0006 
.0002 

1 
.0211 
.0161 

.08 
.08 

.0000 
.0000 

- 

Odor,  faintly  vegetable. The  samples  were  collected  from  the  pond.    The  water  was  unuanally 

high  at  the  time  the  samples  were  collected  on  account  of  recent  heavy  rains. 


Water  Supply  of  Nahant. 
Description  of  Works, — Population  in  1885,  637.     The  distrib- 
uting system  is  owned  by  the  town.     Water  is  supplied   by  the 
Marblehead  Water  Company  of  Swampscott.     See  StvampscotC. 


Water  Supply  of  Nantucket.  —  Wannacomet  Water  Compant. 
Description  of  Works.  —  Population  in  1885,  3,142.  The  works 
are  owned  by  the  Wannacomet  Water  Company  and  were  built  in 
1878.  The  average  daily  consumption  for  1888  was  about  60,000 
gallons.  The  source  of  supply  is  a  small  pond  known  as  Wanna- 
comet Pond  situated  very  near  the  sea,  a  short  distance  west  of  the 
village.  The  surface  of  the  pond  is  about  4  feet  above  ordinary  high 
tide.  The  area  of  the  pond  is  8  acres,  and  its  maximum  depth  is  about 
15  feet.  The  bottom  is  sandy  near  the  shores  and  somewhat  muddy 
in  the  middle ;  there  is  no  shallow  flowage.  The  drainage  area  is 
not  large  and  is  almost  entirely  pasture  land.  Pumps  force  the  water 
from  the  pond  to  an  open  iron  tank  24  feet  in  diameter  and  15  feet  in 
depth,  which  is  supported  on  cast-iron  posts  27  feet  in  height,  making 
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the  top  of  the  tank  42  feet  above  the  ground.  Distributing  mains 
are  of  cast  iron.     Service  pipes  are  of  lead  and  galvanized  iron. 

Frequently  in  the  early  fall  the  water  of  the  pond  acquires  a 
disagreeable  taste  and  odor.  This  trouble  was  very  marked  in  1884 
and  1889.  An  examination  of  the  water  in  the  latter  year  showed 
the  presence  of  large  numbers  of  blue-green  algae.  The  grass 
which  grows  on  the  bottom  of  the  pond  has  been  kept  cut  beneath 
the  surface  with  a  view  to  improving  the  quality  of  the  water. 

The  height  of  water  in  Wannacomet  Pond  during  the  time  that 
samples  of  water  were  collected  for  analysis  varied  but  one  foot. 
The  greatest  variation  of  the  height  of  the  water  in  the  pond  is 
about  2 J  feet. 


Chemical  Examination  of  Water  from  Wannacomet  Pond,  Nantucket, 

[Parti  per  100,000.] 

Datk  of 

Appbabancb. 

RK8IDUK  ON 
EVAPOBATIOM. 

AXMOHIA. 

1 

NlTROGEM 
AS 

s 
'A 

1 

a 

i 

f 

U 

1 

1 

.1 

•1^ 

1 

1 

|a 

1 
1 

S5 

1 

55 

859 

18 

July  18 

July  19 

Veryallght. 

Noue. 

0.05 

6.70 

1.22 

5.48 

.0003 

.0166 

2.19 

.0030 

_ 

510 

Aug.  14 

Aug.  16 

Dlatinct. 

Slight. 

0.20 

6.75 

1.02 

5.73 

.0002 

.0170 

2.16 

.0000 

- 

T82 

Sept.  13 

Sept.  14 , 

Decided. 

Slight, 

0.08 

6.82 

1.07 

5.75 

.0001 

.0165 

2.24 

.0030 

- 

ugo 

Nov.  14 

Nov.  16 

Very  alight. 

eught. 

0.00 

6.60 

1.50 

6.10 

.0000 

.0198 

2.22 

.0020 

- 

1589 

Jan.  11  Jan.  14 1 

_ 

« 

_ 

« 

» 

« 

.0000 

.0156 

_ 

_ 

. 

1807 

Feb.  12  Feb.  14  ■ 

1 

VeryaUght. 

Very  alight. 

0.10 

6.20 

1.05 

6.15 

.0000 

.0128 

2.25 

.0050 

.0001 

2013 

Mar.  18  Mar.  20 

Slight. 

None. 

0.00 

5.95 

0.80 

6.16 

.0000 

.0152 

2.10 

.0060 

.0001 

2291 

Apr.  23 

Apr.  24 

Veryallghl. 

Slight. 

0.05 

5.85 

0.95 

4.90 

.0006 

.0138 

2.06 

.0050 

.0001 

2465 

May  17 

May  W 

SUght. 

None. 

0.05 

6.90 
6.35 

1.10 
1.09 

4.80 
5.26 

.0002 
.0002 

.0192 
.0163 

2.03 
2.16 

.0030 
Ofl!U 

.0003 

Av. 

0.07 

0002 

Hardness  in  May,  1888,  1.7.    Odor,  faintly  vegetable,  aometimoa  mouldy. The  aamplea  were 

collected  from  a  faucet  in  the  pumping  atatlou  while  pumping. 

Microscopical  Examination, 


!•  Blue-green  Alg», 

2-  Other  AIg»,       . 

3.  Pnngl, 

*•  Animal  Forma, . 


pr. 
0.0 
0.0 


April. 


0.0 
pr. 
0.0 
pr. 


May. 


0.0 
pr. 
0.0 
0.0 


<}roapi and  principal  genera  of  organiama  obaerved:  2.  Diatomacen.    4.  Protozoa;  Rotlfera.    » 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Water  Supply  of  Natick. 

Description  of  Works.  — Population  in  1885,  8,460.  The  works 
are  owned  by  the  town  and  were  built  in  1874.  The  average  daily 
consumption  in  1888  was  278,000  gallons.  The  source  of  supply  is 
Dug  Pond  in  Natick.  The  pond  has  an  area  of  44^  acres.  The 
watershed  contains  a  comparatively  large  population.  The  brook 
which  is  the  main  feeder  of  the  pond  flows  through  the  village  of 
Natick,  and,  as  the  town  has  no  system  of  sewerage,  the  brook  is 
necessarily  polluted  by  the  leachings  from  cesspools.  Pumps  force 
the  water  from  the  pond  to  an  open  distributing  reservoir  having  a 
capacity  of  3,500,000  gallons.  The  reservoir  is  situated  at  the 
opposite  side  of  the  town  from  the  pond.  Distributing  mains  and 
service  pipes  are  of  wrought  iron  lined  with  cement. 


Chemical  ExamiruUion  of  Water  from  Dug  Pond^  NcUick. 

[Parts  per  100,000.] 


Date  of 

•    Appkabavcb. 

Rbsiddb  ov 

EVAPOHATION. 

Ammonia.. 

« 

KiTROGKV 

xa 

1 

< 

i- 

f 

1 

1 

1 

§1 

1 

t 

la 

1 

1 

24 

18 

May  31 

June  30 

„. 

June 
July 

2 
1 

Very  alight. 
Slight. 

Slight. 
Slight. 

0.20 
0.20 

5.20 
5.52 

2.80 
1.20 

2.40 

.0056 
.0030 

.0207 
.0191 

.68 

.0060 

232 

4.32 

- 

453 

Aug.  1 

Aug. 

2 

!  Slight. 

None. 

0.25 

4.97 

0.57 

4.40 

.0000 

.0174 

.66, 

.0070 

- 

609 

Aug.  31 

Sept. 

1 

Distinct. 

Consid'ble. 

0.10 

6.17 

1.20 

3.97 

.0008 

.0283 

t 
.71 

.0000 

- 

873 

Oct.    3 

Oct. 

4 

None. 

Slight. 

0.05 

5.37 

0.52 

4.85 

.0032 

.0223 

.73 

.0040 

- 

1082 

Oct.  31 

Nov. 

1 

Veryfllight. 

None. 

0.05 

5.45 
5.20 

0.85 
0.60 

4.60 
4.60 

.0000 

.0182 
.0156 

.75 

.0090 

- 

1203 

Nov.  30 

Dec. 

1 

Sirt,  milky. 

Slight. 

0.10 

6.10 

1.35 

8.75 

.0146 

.0248 

.67 

.0040 

- 

1622 

18 

Jan.    2 

88. 
Jan. 

3 

Decided. 

Sirt.eart'y. 

0.40 

6.80 

I.IO 

4.70' 

1 

.0110 

.0234 

.67 

.0100 

.0000 

1728 

Feb.    1 

Feb. 

2 

Very  slight. 

None. 

0.10 

6.20 

1.10 

4.10 

.0177 

.0199 

.68 

.0200 

.0001 

1938 

Mar.   1 

Mar. 

2 

Sirt.milky. 

Very  slight. 

O.SO 

5.40 

1.00 

4.40 

.0182 

.0189 

.62    .0250 

.0006 

2146 

Apr.   2 

Apr. 

8 

Distinct, 
milky. 

Very  slight. 

0.10 

6.20 

1.00 

4.20 

.0136 

.0202 

.65 

i 

.0250 

.0003 

2340 

May    1 

May 

2 

Distinct. 

Slight. 

0.10 

5.00 

0.86 

4.15 

.0016 

.0198 

.58 

.0200 

.0004 

2543 

June   4 

June 

4 

Slight. 

Very  slight. 

0.15 

5.20 

1.20 

•4.00 

.0024 

.0224 
.0206 

.64 

.0360 

.0008 

2897 

July    2 

July 

3 

Distinct. 

Slight. 

0.05 

5.85 

1.40 

8.95 

.0038 

.0230 
.0208 

.68 

.0180 

.0003 

2873 

Aug.  1 

Aug. 

3 

Blight. 

Sli't,  green. 

0.10 

5.15 

1.20 

8.95 

.0038  .0404 
.0260 

.72 

1          i 

.0020 

.0001 
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Chemical  ExamincUion  of  Water  from  Dug  Pond,  Natick  —  Concluded. 


Datb  ow 

AmasaxcB. 

Rbsiddb  ok 

EVAlH>BATION. 

AXXOIOA. 

«! 

NiTROGBH 
AS 

i 

0 

1- 

f 

1 

1 

1 

§1 

J"" 

1 

i 

il 

55 

S 

3052 

18 

Sept.  4 

88. 
Sept. 

5 

Verygllght. 

Very  alight. 

0.00 

4.90 

0.90 

4.00 

.0008 

.0196 
.0176 

.62 

! 

.0020 

.0001 

S29S 

Oct.     1 

Oct. 

2 

Distinct. 

SUght. 

0.05 

4.80 

1.05 

8.75 

.0006 

.0262 
.0202 

.63. 

.0090 

.0004 

US2    Oct.  31 

Nov. 

1 

Slight. 

Very  slight. 

0.10 

5.15 

1.00 

4.15 

.0128 

.0218 
.0206; 

.70 ; 

1 

.0200 

.0005 

3M0 
3S10 

Dec.    1 

18 

Jan.    1 

Dec. 

89. 

JaQ. 

4 

2 

1 

Sirt,mllky. 
Sli't,mtlky. 

Very  slight. 
Very  slight. 

0.05 
0.15 

5.75 
5.75 

1.25 
1.05 

4.50 
4.70 

.0028 
.0020 

.0180 
.0174 

.0166 
.0140 

.70' 

i 
.73; 

1 

.0500 
.0600 

.0004 
.0006 

3964 

Feb.    4 

Feb. 

61 
1 

Decided. 

Con.,whlte. 

0.10 

5.25 

0.60 

4.45 

.0010 

.0260 
.0184 

.71 

.0450 

.0006 

4207 

tfar.   4   Mar. 

1 

5 

Diattnet. 

Con.,  light 
green. 

0.40 

5.30 

1.55 

8.75 

.0044 

.0212 
.0144 

.74 

.0500 

.0005 

4233 

Mar.  12   Mar. 

13 

1 

Slight. 

light  green. 

0.15 

5.35 

1.10 

4.25 

.0040 

.0198 
.0168 

.69 

.050«1 

.0003 

41o0 

Apr.    1   Apr. 

2 

8U*t,mllky. 

Verysllght. 

0.35 

5.60 

1.40 

4.40 

.0024 

.0160 
.0160 

.70 

.0000 

.0003 

460fl 

May    1    May 

2 

Slight. 

Veryslight. 

0.20 

5.60 

1.40 
0.98 

4.20 

.0010 

.0222 
.0174 

.60 

.68 

.0400 

1 
.0238 

.0006 

Av. 

0.15 

5.29 

4.31 

.0050 

.0218 

.0004 

'      '    '     1 

Hardness  in  tfay,  18S8,  2.3;  March  12, 1889, 

The  samples  were  collected  from  a  faucet 

pond  near  the  pumping  station. 


2.6.    Odor,  vegetable  and  mouldy,  often  disagreeable, 
at  the  pumping  station  while  pumping,  or  from  the 


Microscopical 

Examination, 

1888. 

1                              1889. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

!jan. 

1 

Feb. 

Mar. 

Mar. 

Apr.  'May. 

pr. 

0.2 

pr. 

pr. 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

i.  Other  Alg«,   .       .       . 

0.6 

1.8 

0.9 

1.0 

2.7 

4.1 

16.7 

333.2 

1601.6 

600.9 

62.5 

1.2 

»-'ongl 

0.0 

Pr» 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,       . 

1.4 

2.3 

pr. 

0.6 

1.1 

pr. 

0.0 

0.7 

0.0 

0.5 

pr. 

0.3 

Groups  and  principal  genera  of  organisms  observed:  1.  Cyanophyceao.  2.  Palmellaceas ;  Zoo> 
sporen;  Desmidiacese ;  Dltttomaceee,  AsUrionellat  Stephanoditcunt  Synedra.  8.  Schizomycetes. 
4.  Protoxoa,  Dinobryon^  ptridinium,  Trachelomonas ;  Neraatoda;  Rotifera;  Entomostraca.  The  genus 
AtterUmelia  was  by  far  the  most  abundant  of  the  alg»  present  in  January,  February,  March  and 
April,  1880. 
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WATER  SUPPLY  AND  SEWERAGE, 


[Dec, 


Tfible  showing  Heights  of  Waier  in  Dug  Pond  at  Times  when  Samples  of  Water 
were  collected  for  Analysis, 

Note  .-—High-water  mark  is  13.00  feet. 


DATE. 

Height  of 
Water. 

DATE. 

Height  of 
Water. 

188S. 

January  2 

February  1, 

March  1, 

April  2 

Mayl.        ....'.       . 

Jane4, 

July  2 

AupiBtl, 

September  4 

8.25 
8.71 
11.58 
13.87 
13.12 
13.00 
11.87 
10.43 
9.75 

1                            18t». 

,  October  1 

i  October  31, 

'  December  1 

18M. 

January  1» 

February  4, 

March  4, 

April  1 

Mayl 

12.00 
13.23 
14.46 

13.00 
13.00 
13.10 
13.20 
13.25 

Chemical  Examination  of  Water  from  the  DisirihiUing  Reservoir  of  the  Natick 

Water  Works. 
[Parts  per  100.000.] 


Date  of 

Afpbarascx. 

BB8IDUB  ON 
EVAlH)BATION. 

Ammonia. 

-  NlTROGBM 

1      - 

1 

1 

§ 

il 

1 

Sediment. 

1 

1 

§1 

1- 

Sm 

1 

< 

Chlorine. 
Nitrates. 

S 

4284 

IS 

Mar.  12 

«w.        1 

Mar.  13 1 

1 

Slight. 

1 

Slight, 
light  green. 

0.10 

5.05 

1.35 

8.70 : 

.0020 

.0202, 
.0170 

.68    .0450 

1 

.oooe 

Hardness.  2.5.    Odor.  none.  ^~The  sample  was  collected  from  the  distributing  reservoir. 
*  Microscopical  Examination. 

March,  1889.    1.  Blue-green  algSD,  0.0;  2.  Other  algas,  006.0;  3.  Fungi,  0.0;  4.  Animal  forms,  0.5. 
Groups  and  principal  genera  of  organisms  observed :    2.  Diatomaceas,  Aittrionella.    4.  Protozoa. 

Chemical  Examination   of  Water  from  Faucets  in  Natick  supplied  from   the 

Natick  Water  Works. 

[Parts  per  100,000.] 


Date  of 

!                       APFEARAN'CB. 

RK.SIDCK  ON 
EVAPOEATION. 

Ammonia. 

1 
j 

NFTBOGESr 

•as 

1 

1 

P 

j 

1 

1 

il 

1% 

i 

2 

1 

11 

1 

a  ; 

i 

18 

HO. 

• 

i     ' 

4285    Mar.  12 

Mar.  13 

Very  slight. 

Slight, 
light  green. 

0.10 

.0000 

.0168 

.68  1 

.0620 

.0002 

5.65 

1.55 

4.10 

.0144 

1 

4288   Mar.  12 

Mar.  13 

Very  slight. 

Slight, 
light  green. 

0.15 

.0006 

.0158 

.69 

.0600 

.0002 

1 

6.50 

1.80 

4.70 

.0146 

1 

Hardness  of  No.  4285,  2.4;  of  Xo.  4288,  2.8.    Odor  of  4285.  none;  of  4286,  none. Sample  No.  4285 

WAS  collected  from  a  faucet  on  Florence  Street;  No.  4286  from  a  faucet  on  Washington  Avenue. 
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Microscopical  Examination, 

No.  4285.    1.  Bine-green  alg»,  0.0;  2.  Other  algsD,  302.1;   8.  Fangl,  0.0;   4.  Animal  forms,  0.0. 
No.  42S6.    1.  Blae-green  algse,  0.0;  2.  Other  aigee,  4.2;    8.  Fangl,  0.0;    4.  Animal  forms,  0.0. 
Oroupa  and  principal  genera  of  organlims  observed :    2.  Palmellaoen;  DlatomaoeaB,  Aaterlanella, 
8iephanodUcu9. 


Needham. 
Chemical  Examination  of  Water  from  Rosemart/  Pond. 


[Parts  per  100,000.] 

1 

Datk  or 

Appiaxakcb. 

Rrsiduk  on 
evapora.tiox. 

AMMOatlA. 

2 

NITBOOEK 

AS 

1 

1 

if 

6 

1 

i 

6 

1 

]i 

i 

i 

A 

1 

s 

5 

9Q 

^ 

u 

t^ 

« 

H 

j"^ 

u. 

Pn 

< 

u 

'A 

K 

is'ss. 

1 

3708 

Dec.  13,  Dec.  14 
18S0. 

Dlatinct. 

Slight. 

0.2 

4.60 

1.60 

8.00 

'.0028 

.0134 
.0122 

.64 

1 

.0600 

.0005 

4148 

Feb.  27  Feb.  28 

Diaanet. 

Very  slight. 

0.8 

5.80 

2.30 

8.50 

.0000 

i 

.0226 
.0184 

.64 

! 

.0200 

.0004 

Odor,  faintly  mouldy. The  samples  were  collected  from  the  pond,  near  the  loe^honse  of  the 

Rosemary  Ice  Company. 


Chemical  Examination  of  Water  from  Springs  in  Needham, 

[Parts  per  100,000.] 


Datb  of 

Appxarasck. 

Rbsiduk  ok 

EVAPOKATIOK. 

Ammonia. 

1 

;  S 

Nitrogen 

1            AS 

1 

1 

a 

1^ 

f 

1 

1 

1 

§1 

1-^ 

-8 

'i 

-< 

1 

5 

1300  Dec.    IjDec.    2 

1301  Dec.    1    Dec.    2 

None. 
None. 

None. 
Very  slight. 

0.0 
0.0 

4.30 
6.00 

- 

- 

1 
.0000  .0012 

'.0000 '.0032 

1           1 

.1000 

.1200 

1 

.0000 
.0000 

Odor,  none.  — —  Sample  No.  1300  was  collected  from  Hicks*  Spring.  Sample  No.  1301  was  collected 
from  Colbum's  Spring.  These  samples  were  collected  while  investigations  with  reference  to  a  pnblio 
water  supply  for  Needham  were  being  made. 


Watek  Supply  of  New  Bedford. 

Description  of  TToris.  —  Population  in  1885,  33,393.     The  works 

are  owned  by  the  city.     Water  was  introduced  in  December,  1869. 

The  average   daily  consumption  in   1887   was  3,360,000  gallons. 

The  source  of  supply  is  a  storage  reservoir  on  the  Acushnet  River 
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in  Acushnet,  supplemented  by  Little  Quittacas  Pond  in  Lakeville. 
The  area  of  the  storage  reservoir  is  300  acres  and  its  available 
capacity,  above  the  conduit,  is  400,000,000  gallons.  The  bottom  is 
muddy.  The  reservoir  is  quite  shallow,  the  water  being  not  more 
than  two  feet  in  depth,  at  high  water,  over  about  one-fourth  of  it. 
The  watershed  of  the  reservoir  is  quite  generally  covered  with 
woods,  mostly  of  pine,  oak  and  cedar.  It  contains  very  few 
inhabitants  and  no  factories  or  mills.  Its  area  is  about  3,300 
acres. 

Little  Quittacas  Pond  was  connected  with  the  storage  reservoir 
in  1886  by  reopening  a  former  natural  outlet  which  had  been  filled 
up.  The  area  of  Little  Quittacas  Pond  is  335  acres  and  the  area 
of  its  watershed  is  said  to  be  1,125  acres.  The  watershed  is  unin- 
habited. 

An  egg-shaped  brick  conduit  four  feet  high  and  three  feet  wide 
carries  the  water  by  gravity  from  the  storage  reservoir  to  the  receiv- 
ing reservoir  in  New  Bedford,  a  distance  of  5f  miles.  The  receiving 
reservoir  has  a  capacity  of  three  million  gallons  and  a  depth  of  12 
feet  when  full.  •  The  bottom  of  this  reservoir  was  cleared  of  all 
loam  and  vegetable  growth  and  the  slopes  are  paved  over  a  puddling 
of  clay.  From  the  receiving  reservoir  water  is  pumped  to  the 
distributing  reservoir.  The  area  of  this  reservoir  when  full  is  3| 
acres  and  its  depth  is  17  feet.  It  contains  14,000,000  gallons  of 
water.  The  slopes  of  this  reservoir  are  paved  over  a  puddling  of 
clay  and  the  bottom  is  of  clay. 

An  iron  standpipe  5  feet  in  diameter,  and  rising  to  an  elevation  of 
43  feet  above  high  water  in  the  distributing  reservoir,  was  built  in 
1873  in  connection  with  works  for  supplying  the  high-service 
district. 

There  were  about  52  miles  of  distributing  mains  in  1887.  Of 
this  length  9  miles  were  of  wrought  iron  lined  with  cement  and  the 
remainder  were  of  cast  iron.  Extensions  are  made  with  cast  iron. 
Service  pipes  are  of  lead. 

For  many  years  after  the  works  were  built,  a  disagreeable  taste 
and  odor  in  the  water  was  complained  of  during  the  summer 
months  when  the  temperature  of  the  water  was  highest.  This 
trouble  occurred  annually  until  1886,  but  has  not  been  noticed  since 
that  year.  The  storage  reservoir  has  been  kept  practically  full 
during  the  past  three  years  by  drawing  water  when  necessary  from 
Little  Quittacas  Pond. 
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Chemical  Examination  of  Water  from  the  Conduit  of  the  New  Bedford 

Water  Works, 

[P«rt»  per  100.000.J 


DATS  OF 

Appxabajick. 

Rrsiddb  o» 

EVArUBATIOV. 

Ammokia. 

1 

1   NlTSOOBH 

1' 

i 

1 

f 

1 

1 

1 

§1 

1 

2 

\^ 

'  1 

1 

167 

18 

June  22 

8T. 

June  23 

SMght. 

Blight. 

1.80 

6.40 

2.66 

2.85 

.0080 

.0366 

1 

.47    .0130 

1 

- 

8M 

jDly  22 

July  22    Very«llght. 

None. 

2.20 

6.40 

2.00. 

3.40    .0025 

.0860 

.62    .0160 

- 

603 

Aag.33 

Aug.  23    Very  slight. 

None. 

1.40 

6.06 

1.02 

8.18 

.0022 

.0320 

.40    .0100 

- 

806 

Sept.  17 

Sept.  17    Slight. 

Sirt,  rusty. 

1.20 

6.06 

1.85 

8.20 

.0006 

.0260 

.57    .0070 

1 

- 

1014 

Oct.   24 

Oct.  24    VerysUght. 

Srt,  earthy. 

0.90 

4.76 

1.26 

8.50 

.0005 

.0266 

.59 

.0200 

- 

1214 

Nov.  22 

Nov.  22 '  Slight. 

Veryslight. 

1.20 

4.86 

1.95 

2.90 

.0024 

.0242 

.60 

.0100 

- 

1472 

Dee.  22 

Dec.  22    Slight. 

Slight. 

0.00 

6.60 

2.10 

8.50 

.0033 

.0268 

.66 

.0200 

- 

16^1 

Jan.  23 

88.          1 
Jan.  24 

DUtinct.    • 

Veryslight. 

1.60 

6.70 

3.00 

3.70 

.0022 

.0237 

.61 

.0400 

.0001 

1S60 

Fob.  20 

Feb.  20 

Slight. 

None. 

1.80 

6.26 

2.75 

8.60 

.0081 

.0266 

.67 

.0200 

.0001 

2087 

liar.  22 

Mar.  22 

Slight. 

Veryslight. 

l.(X) 

4.26 

1.55 

2.70 

.0012 

.0173 

.62 

.0070 

.0001 

2284 

Apr.  23 

Apr.  23 

Verytllght. 

Sll*t,brown. 

1.40 

4.45 

1.75 

2.70 

.0018 

.0228 

.48 

.0150 

.0001 

24S3 

May  22 

May  22 

Very  slight. 

srt,  rusty 
brown. 

1.60 

4.66 

2.25 

2.30 

.0006 

.0216 

.46 

.0150 

.0001 

2eS4 

Jane  23 

Jane  20 

SUght. 

SU%brown. 

2.80 

6.80 

2.85 

2.45 

.0022 

.0382 
.0296 

.60 

.0050 

.0002 

SSM 

July  26 

July  27 

Very  slight. 

Veryslight. 

1.80 

4.90 

1.90 

8.00 

.0004 

.a306 , 
.0278 

.49 

.0170 

.0003 

8040 

Aug.  80 

Aug.  31 

None. 

VerysUght. 

1.00 

4.65 

2.00 

2.55 

.0006 

.0226 
.0212 

.44 

.0050 

.0000 

8278 

Sept.  27 

Sept.  23 

Veryslight. 

Veryslight. 

0.70 

4.00 

1.56 

2.46 

.0000 

.0260 
.0236 

.48 

.0180 

.0001 

S4&:* 

Oct.  26 

Oct.  27 

Very  slight 

Veryslight. 

2.00 

6.10 

8.16 

1 
2.95 

.0018 

.0310 

.one 

.50 

.0200 

.0002 

8819 

2COV.28 

Nov.  30 

Veryslight 

Slight. 

1.80 

6.46 

2.75 

3.70 

.0028 

.0238 
.0222 

.62 

.0450 

.0002 

8771 

Dee.  20 

Dec.  21 

None. 

Veryslight. 

1.50 

4.80 

2.30 

2.50 

.0000 

.0252 
.0940 

.64 

.0120 

.0001 

8021 

18 

Jan.  24 

80. 

Jan.  25 

Veryslight. 

Veryslight. 

1.30 

4.15 

2.10 

2.05 

.0010 

.0182 
.0174 

.48 

.0120 

.0001 

4165 

Feb.  28 

Feb.  28 

Veryslight. 

Veryslight, 
earthy. 

1.00 

4.00 

1.70 

2.80 

.0002 

.0124 
.0120 

.49 

.0120 

.0004 

4423 

Mar.  20 

Mar.  29 

Slight. 

SUght. 

0.70 

8.55 

1.50 

2.05 

.0006 

.0142 
.0128 

.47 

.0050 

.0001 

4S91 

Apr.  29 

Apr.  30 

VerysUght. 

Slight. 

1.00 

4.00 

1.60 

2.50 

.0022 

.0184 
.0158 

.51 

.0080 

.0001 

47S1 

May  23 

May  24 

Veryslight. 

SUght. 

1.80 

4.10 
6.19 

1.90 
2.08 

2.20 
8.11 

.0004 

.0198 
.0188 

.64 
.53 

.0080 
.0150 

.0002 

Av. 

1.S6 

.0016 

.0248 

.0001 

Haidnees  In  May,  1888, 1.1.    Odor,  faintly  vegeUble,  sometimes  none, 
leeled  from  the  conduit  where  it  enters  the  receiving  reservoir. 


-The  samples  were  col- 
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Microscopical  Examination, 

1888. 

1889. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1>C0. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-green  Algss, 

2.  Other  AlgiB»  . 

3.  Fungi 

4.  Animal  Forms,     . 

'      ' 

0.0 
1.8 
0.6 
pr. 

0.0 
1.6 
0.6 
0.0 

pr. 
pr. 
pr. 
0.0 

0.0 
pr. 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.2 
0.0 
0.0 

0.0 
0.1 
0.0 
pr. 

0.0 
pr. 
0.0 
0.0 

0.0 
pr. 
0.0 
0.0 

0.0 
0.1 
0.0 
0.3 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
pr. 

Q roups  and  principal  genera  of  organisms  observed:  1.  CyanophyoeiB.  2.  Palmellacese,  Chtnro- 
coccu»;  Zoosporeaa;  BeemidiaceiD ;  Diatomaceas.  S.  Bohizomycetes.  4.  Protozoa;  Spongiaria; 
Botlfera;  Entomostraca. 

Chemical  Examination  of  Water  from  the  Storage  Reservoir  of  the  New  Bedford 
Water  Works  in  Acushnet, 

[Parts  per  100,000.] 


Date  or 

Appbabamcb. 

Rksidub  oh 
evapobatiox. 

Ammonia. 

S 

i 

NiTROOBS 
A8 

1 

1 

6 

S5 

f 

«J 

1 

;-: 

§1 

1 

1 

la 

i 

1 

IM 

18 

June  21 

87. 
June  23 

Slight. 

SUght. 

2.0 

.» 

- 

.0043 

.0372 

..« 

.0190 

- 

Odor.  none. The  sample  was  collected  from  the  gate-house  at  the  storage  reservoir.    The  water 

was  drawn  from  within  one  foot  of  the  surface. 


Chemical  Examination  of  Water  from   the  Distributing  Reservoir  of  the  New 

Bedford  Water  Works, 

[Parts  per  100,000.] 


Datb  o» 

1      Rbsidub  ok 

1      EVAPOBATIOV. 

1  Ammonia. 

1 

i 

KiTBOOKM 
AS 

s 

j 

il 

f 

1 

1 

1 

It 

1 

1 

4 

1 

168 

18 

June  22 

87. 

June  23 

Distinct. 

SUght. 

1.80 

6.22 

2.82 

2.40 

.0062 

.0308 

.61 

.0130      - 

887 

July  22 

July  22 

Very  slight. 

None. 

2.20 

6.30 

2.17 

8.13 

.0018 

.0368 

.62 

.0190      - 

604 

Aug.  23 

Aug.  23 

Very  slight. 

None. 

1.40 

6.07 

1.97 

3.10 

.0025 

.0302 

.47 

.0130 

807 

Sept.  17 

Sept.  17, 

Very  slight. 

Veryslight. 

1.10 

6.00 

1.90 

3.10 

.0006 

.0281 

.66 

.0070 

- 

1016 

Oct.  24 

Oct.  24 

Very  slight. 

SU't,  earthy 
and  floc't. 

1.20 

4.60 

1.66 

8.06 

.0008 

.0292 

.65 

.0100 

- 

1215 

Nov.  22 

Nov.  22 

Slight. 

Slight. 

1.10 

4.85 

2.00 

2.85 

.0022 

.0242 

.63 

.0160 

- 

1473 

Dec.  22 

Dec.  22 

Slight 

Slight. 

1.20 

6.60  2.70 

2.90 

.0036 

.0257 

.66 

.0180 

- 

1662 

18 

Jan.  23 

88. 
Jan.  24 

Slight. 

Veryslight. 

1.80 

6.35  3.10 

3.26 

.0286  1 

.52 

.0250 

.0000 

1870 

Feb.  20 

Feb.  20 

Slight. 

VerysUght. 

1.30 

6.76  2.70 

4.05 

.0022 

.0295: 

.62 

.0080 

.0000 

2086 

Mar.  22 

Mar.  22 

Slight. 

None. 

1.00 

4.20   1.90 

2.30 

.0004 

.0196 

.61 
.65 

.0060 
.OlM 

.0000 

Av. 



.«j 

5.29 

2.28 

3.01 

.0021 

.0282 

•0000 

1 

Odor,  faintly  vegetable.  ^— The  samples  were  collected  at  the 
the  surface. 


outlet  gate«hoase  five  feet  beneath 
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Microscopical  Examination, 

March,  1888.    1.  Blne-green  aign,  0.0 ;  2.  Other  alg»,  pr. ;  3.  Fangi,  0.0;   4.  Animal  forms,  pr. 
Groups  and  principal  genera  of  organlams  observed :    2.  DesmldiaoeaD.    4.  Protozoa;  Bponglarla. 


Chemical  ExaminAion  of  Water  from  a  Faucet  at  City  EcUl,  New  Bedford, 

0  [Parts  per  100,000.] 


Datb  or 


S 
^ 


1^ 


APPaABANCB. 


I 


IS 

Apr.  23 
2484    May  22 


fIS. 
Apr.  23 

May  22 


Slight. 
Verysllght, 


None. 
Slight. 


Kksidub  on 

EVAPGRATIOll. 


P 


4.20   1.55 
4.55   2.00 


Akkonza. 


2.65 
2.55, 


,0014 
0000 


.0216 


NiTBOOKH 


.0150 

.0120 


0001 
0001 


Hardness  in  May,  1.1.    Odor,  very  faintly  vegetable. The  samples  were  collected  from  a  faucet 

at  City  Hall.    The  distribatlng  reservoir  was  empty  at  the  time  these  samples  were  collected,  and  the 
city  was  being  snpplled  by  pnmplng  directly  into  the  mains. 

Microscopical  Examination. 

April,  May,  1888.    1.  Blue-green  algse,  0.0;   2.  Other  algn,  pr.;  3.  Fungi,  0.0;  4.  Animal  forms, 
pr.  in  April  only. 

Groups  and  principal  genera  of  organisms  observed:    2.  Zoosporese;  Diatomaoen.     4.  Protozoa. 


Water  Supply  of  Newburyport.  —  Newburyport  Water 

Company. 

Description  of  Works.  —  Population  in  1885,  13,716.  The  works 
are  owned  by  the  Newburyport  Water  Company  and  were  built  in 
1881.  The  average  daily  consumption  in  1888  was  about  314,000 
gallons.  The  sources  of  supply  are  some  large  springs  near  the 
southern  bank  of  the  Merrimack  River  above  the  city.  The  springs 
contributed  most  of  the  water  to  a  small  brook  which  ran  into  the 
Merrimack  River.  A  low  dam  was  built  across  the  estuary  of  this 
brook  near  where  it  entered  the  river,  and  one  suction  pipe  from 
the  pumping  station  leads  to  the  small  reservoir  formed  by  the  dam. 
Subsequently  two  wells  were  sunk  not  far  from  the  reservoir,  and 
the  whole  supply  is  now  drawn  from  these  wells.  One  of  the  wells 
is  20  feet  in  diameter  and  18  feet  deep.  The  other  is  smaller. 
Neither  of  the  wells  is  covered.  The  water  is  pumped  to  an  open 
iron  tank  near  the  city,  40  feet  in  diameter  and  35  feet  high.  Dis- 
tributing mains  are  of  wrought  iron  lined  with  cement  and  of  cast 
iron.     Service  pipes  are  of  wrought  iron  lined  with  cement. 
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Chemical  Examination  of  Water  from  the  Well  of  the  Newburyport  Water 

Company, 

[Parte  per  100,000.] 


Datk  of 

Appbaxaxck. 

Residub  oh 
evaposatiok. 

ILmmohia. 

j 

NiTROGKX 
AS 

% 

j 

1^ 

El 

i 

1 

H 

§1 
1% 

1 

1 

< 

i 

55 

76 

18 

Jane  10 

87. 
June  11 

None. 

None. 

0.00 

4.97 

_ 

_ 

.0003 

1 

.00211 

.45 

.0520 

_ 

889 

July  21 

Jnly22 

None. 

None. 

0.00 

4.97 

- 

- 

.0001 

.0004 

.44 

.0460 

- 

676 

Sopk.  1 

Sept.  3 

None. 

Sli't.brown. 

0.00 

5.87 

- 

- 

.0011 

.0029' 

.41 

.0100 

- 

1009 

Nov.   2 

Nov.   4 

Very  slight. 

Very  slight. 

0.00 

5.90 

- 

- 

.0000 

.0018 

.43 

.0200 

- 

1116 

Nov.  7 

Nov.   8 

Distinct. 

Consid'blo. 

0.05 

6.00 

- 

- 

.0000 

.0036 

.47 

.0300 

- 

1M6 

18 

Jan.    9 

88. 
Jan.  10 

Slight.' 

VerysUght. 

0.00 

6.10 

_ 

_ 

.0000 

.0000 

.43 

.0500 

.0001 

1813 

Feb.  13 

Feb.  14 

VerysUght. 

VerysUght. 

0.05 

5.15 

- 

- 

.0000 

.0024 

.49, 

.0280 

.0001 

1996 

Mar.  12 

Mar.  13 

Sli't,  milky. 

VerysUght, 
while. 

0.10 

5.00 

- 

- 

.0000 

.0038 

.46 

1 

.0330 

.0000 

2241 

Apr.  18 

Apr.  18 

SUght. 

None. 

0.10 

4.65 

- 

- 

.0000 

.0052 

.42' 

.0250 

.0002 

2403 

May  10 

May  12 

Slight. 

Very  Blight. 

0.00 
0.03 

6.30 

- 

- 

.0020 

.0094 

.46 
.45  i 

.0180 
.0312 

.0003 

Av. 

5.30 

- 

i 
1 

.0004 

.0082 

.0001 

Hardness  in  May,  1888,  2.7.    Odor,  generally  none. The  samples  were  coUected  from  the  well 

with  the  exception  of  1116, 1818, 1996,  2241  and  2403,  which  were  coUected  from  a  faucet  in  the  city 
near  the  centre  of  distribution. 

Microscopical  Examination. 

April,  1888.    1.  Blue-green  algse,  0.0. ;   2.  Other  algae,  pr. ;   3.  Fungi,  pr.;   4.  Animal  fDrms,  0.0. 
May,  1888.    1.  Blue-green  alg»,  0.0;   2.  Other  alges,  pr.;    3.  Fnugi,  0.0;    4.  Animal  forms,  0.0. 
Groups  and  principal  genera  of  organisms  observed :    2.  Diatomacess.    3.  Schisomycetes. 


Chemical  Examination  of  Water  from  the  Small  Storage  Reservoir  of  the 
Newburyport  Water  Company, 

[Parts  per  100.000.] 


I 


A 


Appbabakcb. 


I? 


RB81DUK  OK 
EVAPORATIOH. 


P 


NiTEOOKH 
AS 


18 

July  21 


87. 
July  22 


None. 


None. 


.0011 


.2200 


Odor,  none. The  sample  was  collected  from  the  reservoir  near  the  pumping  station.    The  slie  of 

this  reservoir  was  formerly  covered  with  salt  water  at  every  high  tide. 
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Water  Supply  of  Newton. 

Description  of  Works. — Population  in  1885, 19,759.  The  works 
are  owned  by  the  city  and  were  built  in  1876,  The  average  daily 
consumption  in  1888  was  708,000  gallons.  The  source  of  supply  is 
a  filter-basin  on  the  left  bank  of  Charles  River  in  Needham,  near 
Newton  Upper  Falls,  supplemented  by  tubular  wells  on  the  opposite 
side  of  the  river.  There  is  also  a  direct  connection  with  the  river 
for  use  in  an  emergency. 

The  filter-basin  is  1,575  feet  in  length  and  parallel  with  the  river. 
Its  greatest  width  at  the  top  varies  from  70  to  88  feet,  and  its  bottom 
is  about  10  feet  below  the  ordinary  level  of  the  water  in  the  river. 
Between  the  filter-basin  and  the  river  there  is  an  embankment  of 
sufficient  height  to  keep  out  river  water  during  freshets.  Several 
tubular  wells  are  sunk  in  the  bottom  of  the  basin  to  a  depth  of  from 
25  to  35  feet  below  ordinary  water  level  in  the  basin. 

The  tubular  wells  on  the  opposite  side  of  the  river  are  eight  in 
number,  and  water  flows  by  gravity  from  them  into  the  pump  well  at 
the  pumping  station.  Four  of  these  wells  are  each  six  inches  in 
diameter  and  the  others  are  four  inches  in  diameter. 

Much  of  the  water  is  pumped  directly  to  the  consumers,  only  the 
surplus  going  to  a  distributing  reservoir  located  at  the  opposite  end 
of  the  city.  This  reservoir  is  approximately  a  pentagon  in  outline ; 
its  depth  at  high  water  is  18  feet  and  its  capacity  is  15,000,000 
gallons.  The  bottom  is  of  concrete  6  inches  in  thickness,  and  the 
slopes  are  paved.  Water  enters  the  reservoir  at  one  corner  and  is 
drawn  out  at  the  opposite  side.  Distributing  mains  are  of  cast 
iron.  For  service  pipes  tar-coated  wrought  iron  was  used  origi- 
nally, and  afterward  enameled  iron.  Lead  has  generally  been  used 
since  1885. 

Complaints  of  a  disagreeable  taste  and  odor  in  the  water  have 
been  made,  the  most  serious  trouble  occurring  in  1883.  As  a 
remedy  at  that  time  the  basin  was  drawn  off  in  sections  and  cleaned. 
Since  1883  no  vegetable  growth  has  been  allowed  to  collect  on  the 
bottom  or  sides  of  the  filter-basin,  and  there  have  been  but  few 
complaints  of  the  taste  or  odor  of  the  water. 
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Chemical  Examination  of  Water  from  the  Filter-Basin  of  the  Newton  Water 

Works. 

[Ptrto  per  100,000.] 


DATS  or 

Appkabavck. 

RB8IDUB  OM 
EVAFOBATIOir. 

AMMOHIA. 

^ 

KmoOBH 

AS 

& 

j 

|l 

H 

j 

1 

1 

c  o 

OS 

1-^ 

1 

1 

ll 

1 

1 

S9 

18 

June  6 

87. 

Jane  7 

Blight. 

None. 

0.00 

4.75 

. 

. 

.0002 

.0100 

.42 

_ 

271 

July    6 

Jaly    7 

Very  slight. 

Slight. 

0.00 

4.80 

- 

- 

.0012 

.0046 

.37 

.0030 

- 

604 

Aug.  8 

Aag.  0 

None. 

VerysUght. 

0.00 

4.02 

- 

- 

.0007 

.0004 

.84 

.0000 

- 

727 

Bept.  0 

Bept.  10 

BllghL 

BlighL 

0.00 

4.87 

- 

- 

.0000 

.0006 

.86 

.0070 

- 

030 

Oct.  10 

Oct.  12 

Very  slight. 

None. 

0.00 

5.05 

- 

- 

.0010 

.0064 

.36 

.0050 

- 

1124 

Nov.   8 

Nov.   0 

VerysUght. 

VerysUght. 

0.00 

6.05 

- 

- 

.0000 

.0070 

.30 

.0060 

- 

13M 

Dec.    8 

Dec.    0 

None. 

VerysUght. 

0.00 

6.35 

- 

- 

.0006 

.0080 

.40 

.0080 

- 

1568 

IH 

Jan.    0 

88. 
Jan.  11 

Blight. 

VerysUght. 

0.00 

4.70 

- 

- 

.0000 

.0046 

.42 

.0200 

.0001 

1779 

Feb.    1 

Feb.    0 

VerysUght. 

Ve^jUgM. 

0.00 

4.65 

- 

- 

.0006 

.0046 

.30 

.0000 

.0001 

1072 

Mar.    7 

Mar.   8 

Slight. 

VerysUght. 

0.00 

4.65 

- 

- 

.0000 

.0068 

.87 

.0100 

.0002 

2187 

Apr.  10 

Apr.  11 

Distinct. 

VerysUght. 

0.00 

4.30 

- 

- 

.0000 

.0110 

.84 

.0050 

.0001 

2378 

May    8 

May    0 

Distinct. 

VerysUght. 

0.10 

4.70 

- 

- 

.0028 

.0140 

.34 

.0080 

.0000 

2563 

Jane   7 

June  8 

None. 

SU*t,earthy 
and  floc't. 

0.00 

8.80 

- 

- 

.0000 

.0076 
.0044 

.28 

.0040 

.0000 

2717 

July    5 

Jaly    6 

VerysUght. 

None. 

0.05 

4.20 

- 

- 

.0022 

.0072 

.80 

.0030 

.0000 

2800 

Aag.  0 

Aug.  10 

Very  slight. 

None. 

0.00 

4.56 
4.46 

- 

- 

.0000 

.0078 
.0052 

.85 

.0080 

.0001 

8102 

Bept.  12 

Sept.  13 

VerysUght. 

SU't,  earthy 
and  floc't. 

0.00 

5.30 

- 

- 

.0028 

.0112 
.0084 

.86 

.0120 

.0001 

8857 

Oct.  11 

Oct.  12 

DUUnct. 

SUH,  green. 

0.00 

1 

4.60 

- 

- 

.0022 

.0176 
.0092 

.36 

.0070 

.0000 

8518 

Nov.   8 

Nov.   0 

Distinct. 

Blight. 

0.00 

5.05 
4.70 

- 

- 

.0000 

.0172 
.0082 

.33 

.0050 

.0000 

8660 
8088 

Dec.    6 

IH 

Jan.  24 

Dec.    7 

89. 

Jan.  26 

Distinct. 
VerysUght. 

SU't,  green. 
Slight. 

0.00 
0.00 

5.20 
4.25 

4.00 

. 

_ 

.0000 
.0012 

.0238 
.0096 

.0108 
.0024 

.85 

.28 

.0060 
.0060 

.0000 
.0001 

80S8 

Feb.    7 

Feb.    8 

Distinct. 

Con..yeflow 
white. 

0.00 

3.55 

- 

- 

.0000 

.0036 
.0024 

.28 

.0100 

.0000 

4081 

Feb.  21 

Feb.  23 

VerysUght. 

Slight. 

0.00 

3.70 

- 

- 

.0000 

.0044 

.80 

.0300 

.0004 

4242 

Mar.   7 

Mar.    8 

VerysUght. 

811't,gray. 

0.00 

4.40 

- 

- 

.0000 

.0046 

.30 

.0120 

.0001 

4406 

Apr.  11 

Apr.  12 

VerysUght. 

VerysUght. 

0.03 

3.86 

- 

- 

.0000 

.0042 
.0016 

.82 

.0100 

.0001 

4680 

May    0 

May  11 

None. 

BH't,earthy. 

0.00 

4.10 

- 

- 

.0000 
.0006 

.0046 
.0028 

.0086 

.32 

.0160 

.0000 

Av. 

1 

4.68 

-^ 

.35 

.0082 

.0001 

1 

Hardness  in  May,  1888,  2.1.    Odor,  sometimes  none,  frequently  disagreeable. The  samples  were 

ooUected  from  the  fllter-basln. 
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Xieroscopical  ExamineUion. 


189S. 

ISM. 

1 
Jane.|Jnl7. 

Ang. 

Sept 

Oct 

Not. 

Dae. 

Jan. 

Feb. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blae-green  AlgsB,     . 

0.0 

pr. 

0.0 

0.0 

0.0     0.0 '   0.0 

1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algae,      .        .        . 

i.e 

0.4 

1.5 

1.4 

4.7 

16.6 

88.6 

840.6 

206.0 

68.6 

87.2 

6.6 

1.6 

S.  Fnogi,        .... 

pr.  '  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms, 

0.4  j  1.6 

0.1 

pr. 

60.0 

0.0 

0.0 

0.0 

26.0 

30.0 

0.0 

0.0 

0.0 

Oronpa  and  principal  genera  of  organiams  obaenred :  1.  Cyanopbyoe».  2.  PalmellaoeaD,  C^lorO' 
ctKou,  Protococeua;  Zooeporese,  Scenedemntis;  Deamldiaceae;  Diatomacefe,  Asterionellat  MeloHm^ 
Stauroneitt  Sytudra;  Zygnemaoeas.    3.  Bohixomycetes.    4.  Protozoa,  TracKelomaiuM ;  Bponglarla. 


Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Newton 

Water  Works, 

[Parts  per  100,000.] 


Date  of 

-■■■-■ 

RsaincB  OK 

EVAFORATIOK. 

Ajimonia. 

j 

NiTROOKH 
A8 

"A 

i 

i 

f 

1 

1 

1 

1 

"1 

1 

i 

61 

IS 

June  7 

Jnne  8 

None. 

Veryallght. 

0.00 

4.72 

„ 

_ 

.0014 

.0103 

.28 

.0030 

_ 

270 

Jnly    6 

Jnly    7 

Slight. 

SUght. 

0.00 

4.70 

- 

- 

.0012 

.0120 

.35 

.0000 

- 

607 

Ang.  8 

Ang.  9 

None. 

Very  alight. 

0.00 

4.86 

- 

- 

.0009 

.0082 

.35 

.0000 

- 

728 

Sept.  9 

Sept.  10 

Distinct. 

Slight. 

0.00 

6.05 

- 

- 

.0000 

.0106 

.34 

.0070 

- 

981 

Oct.  10 

Oct.  12 

Slight. 

Veryallght. 

0.00 

4.76 

- 

- 

.0012 

.0106 

.85 

.0030 

- 

1125 

Nov.    8 

Nov.   9 

Very  alight. 

Veryallght. 

0.00 

6.00 

- 

- 

.0000 

.0072 

.36 

.0000 

- 

18«5 

Dec.    8 

Deo.    9 

Veryallght. 

811%  white. 

0.00 

4.96 

- 

- 

.0000 

.0090 

.80 

.0040 

- 

1609 

Jan.    0 

as. 

Jan.  11 

_ 

. 

0.00 

5.05 

- 

« 

.0014 

.0084 

.41 

.0030 

.0001 

1780 

Feb-    7 

Feb.    9 

Veryallght. 

Sli't.earthy 
and  floo't. 

0.00 

4.85 

- 

- 

.0000 

.0053 

.35 

.0080 

.0001 

1971 

Mar.   7 

Mar.   8 

Slight. 

Veryallght, 
earthy. 

0.00 

4.80 

- 

- 

.0000 

.0106 

.38 

.0050 

.0002 

2188 

Apr.  10 

Apr.  11 

Dlatlnct. 

Veryallght. 

0.00 

4.15 

- 

- 

.0004 

.0134 

.88 

.0020 

.0000 

237W 

May    8 

May    9 

Diatinct. 

Veryallght. 

0.00 

4.50 

- 

- 

.0000 

.0102 

.34 

.0060 

.0000 

2664 

Jnne  7 

June  8 

Veryallght. 

Sli%earthy 
and  floc't. 

0.00 

4.15 

- 

- 

.0000 

.0158 
.0072 

.31 

.0010 

.0001 

2736 

Jnly    0 

Jnly    7 

VeryaUght. 

Veryallght. 

0.00 

4.70 

- 

- 

.0004 

.0112 
.0076 

.33 

.0020 

.0000 

2900 

Ang.  0 

Aug.  10 

Veryallght. 

Sli*t,  earthy 
and  maty. 

0.00 

4.60 
4.46 

- 

- 

.0000 

.0118 
.0062 

.34 

.0000 

.0000 
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[Dec. 


Chemical  Examination  of  Water  from  the  Diatribuling  Reservoir  of  the  Newton 
Water  Works — Concluded. 


DATS  OP 

Appeahahcb. 

Kkbidcb  om 

EVAPOBATIOK. 

Amvokia. 

1 

ISlTROOKV 

▲a 

1 

a 

i 

1 

f 

1 

a 

i 

§1 

1 

1 

!■ 

1 

9^ 

S 

8163 

18 

Sept.  12 

1 

88. 
Sept.  13 

SUght. 

Slit,  green. 

0.00 

4.60 

- 

.0008 

.0142 
.0072 

.32 

.0080 

.0000 

8356 

Oct.  11 

Oct.  12 

Slight. 

SU*t,  white. 

0.00 

4.80 

- 

- 

.0004 

.0148 
.0128 

.35 

.0050 

.0000 

8514 

Nov.   8 

Nov.   9 

SUgbt. 

Slight. 

0.00 

4.60 
4.30 

- 

- 

.0000 

.0148 
.0090 

.34 

.0010 

.0001 

86T0 
8934 

Dec.    6 

18 

Jftn.  24 

Dec.    7 

80. 

Jan.  26 

Distinct. 
Very  Blight. 

Very  Blight, 
green. 

Sli*t,  green. 

0.00 
0.00 

4.60 
4.55 

4.65 
4.15 

_ 

„ 

.0000 
.0000 

.0156 
.0080 

.0148 
.0040 

.84 

.31 

.0030 
.0000 

.0000 
.0001 

3989 

Feb.    7 

Feb.    8 

DlBtinct. 

Sli't,  white. 

0.00 

3.9S 

- 

- 

.0006 

.0094 
.0036 

.31 

.0030 

.0000 

4082 

Feb..  21 

Feb.  23 

SUght. 

Con.,  green. 

0.00 

4.25 
4.20 

- 

- 

.0006 

.0084 
.0044 

.83 

.0050 

.0003 

4243 

Mar.   7 

Mar.   8 

Slight. 

Con.,  light 
green. 

0.00 

1 

4.15 
4.05 

- 

- 

.0000 

.0116 
.0030 

.29 

.0040 

.0001 

4497 

Apr.  11 

Apr.  12 

Slight. 

Slight. 

0.00 

4.15 
8.85 

- 

- 

.0000 

.0142 
.0058 

.81 

.0020 

.0000 

4640 

May    9 

May  11 

Slight. 

Con.,  light 
green. 

0.00 

4.25 

- 

- 

.0008 

.0124 
.0050 

.33 

.0020 

.0000 

Av. 

0.00  1 

4.61 

- 

- 

.0004 

.0114 

.« 

.0032 

.0001 



Hardness  in  May,  1888, 2.1.    Odor,  sometimeB  none,  frequently  dlBagreeable. The  Bamples  were 

collected  from  the  dlBtribnting  rcBervolr. 


Microscopical  Examination, 

1888. 

1880. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

Jan. 

Feb, 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-green  Alg», . 

0.7 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Alg»,  . 

1.6 

0.6 

1.7 

0.1 

7.3 

60.2 

145.0 

102.0 

90.6 

60.0 

56.2 

325.0 

225.0 

8.  Fungi 

pr. 

0.0 

pr. 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

O.O 

4.  Animal  Forms,     . 

0.0 

0.0 

pr. 

0.0 

pr. 

0.0 

0.0 

0.0 

5.2 

5.0 

0.2 

0.0 

pr. 

Groups  and  principal  genera  of  organisms  observed :  1.  Cyanophyceas,  Aphanocapta.  2.  PalmeK 
laoeiB,  Chlorococcu»t  Protococcu»;  Zooaporeie,  Baphidium,  Scenedetrmu;  Desmidiaceas ;  Diatomaceas, 
Aaterionella,  Synedra,   3.  Bchizomycetes.    4.  Protozoa,  TracheUmtonat ;  Rotifera;  Entomostraca. 
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Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Newton 

Water  Works. 

[Parts  per  100,OOO.J 


Datb  of 

Appsabanck. 

Bbsidub  on 

EVAPOEATION. 

Ammonia. 

i   ^ 

NITBOOEK 
▲8 

1 

1 

§1 

1 

1 

1 

I 

]i 

1 

1 

ii 

S 

S 

52 

18 

June    7 

87. 
Jane  8 

VerygUght. 

None. 

... 

7.37 

_ 

.. 

.0008 

.0014 

.37 

.0130 

^ 

273 

July    6 

July    7 

None. 

None. 

0.0 

7.45 

- 

- 

.0000 

.0002 

i    •*' 

.0180 

- 

M6 

Aug.   8 

Aug.  9, 

None. 

None. 

0.0 

7.12 

- 

- 

.0000 

.0007 

.29 

.0220 

- 

729 

Sept.  » 

Sept.  10 

None. 

None. 

0.0 

7.80 

- 

- 

.0000 
.0002 

.0002 
.0006 

.88 
.36 

.0130 
.0158 

- 

At, 

1 

0.0 

7.31 

- 

- 

i 

Odor,  none. The  eamples  were  collected  from  a  faucet  at  the  pumping  stotion,  while  pumping 

from  the  tuhular  weUa. 


Chemical  Examination  of  Water  from  Charles  River  opposite  the  Filter-Basin  of 

the  Newton  Water  Works, 

[Parts  per  100,000.] 


DATS  OF 

Rksidub  on 
Evaporation. 

Ammonia. 

j 

KiTBOom 

AS 

1 

a 

j 

jl 

f 

1 

1 

1 

|t 

1 

1 

< 

S 

1 

40 

18 

June  6 

87. 

Juno   7 

Veryalight. 

Slight. 

1.00 

5.95 

1.92 

4.03 

.0020 

.0396 

.89 

.0000 

« 

272 

July    6 

July    7 

BUght. 

Sli%brown. 

0.70 

5.07 

1.62 

3.45 

.0004 

.0202 

.38 

.0000 

- 

605 

Aug.  8 

Aug.  9 

None. 

SUght. 

1.00 

5.60 

1.80 

3.80 

.0008 

.0249 

.38 

.0000 

- 

728 

Sept.  9 

Sept.  10 

Slight. 

Veryslight. 

0.70 

5.62 

1.40 

4.22 

.0011 

.0307 

.48 

.0070 

- 

929 

Oct.  10 

Oct.  12 

VerygUght. 

None. 

0.40 

5.30 

1.25 

'4.05 

.0000 

.0208 

.50 

.0050 

- 

1123 

Nov.    8 

Nov.   9 

Blight. 

SUght. 

0.60 

5.65 

0.95 

4.70 

.0004 

.0242 

.62 

.0080 

- 

1364 

Dee.    8 

Dec.    9 

Slight. 

Veryslight. 

0.70 

6.20 

1.80 

4.40 

.0004 

.0240 

.56 

.0180 

- 

1567 

18 

Jan.    9 

88. 

Jan.  11 

Slight. 

Veryslight. 

0.70 

6.10 

2.00 

3.10 

.0000 

.0235 

.81 

.0260 

.0000 

1778 

Feb.    7 

Fbb.    9 

VeryiUght. 

Veryslight, 
white. 

0.50 

4.95 

1.70 

8.25 

.0051 

.0260 

.37 

.0230 

.0001 

1970 

Mar.    7 

Mar.   8 

Distinct. 

Slight. 

0.70 

4.75 

1.80 

2.95 

.0008 

.0277 

.31 

.0100 

.0000 

2186 

Apr.  10 

Apr.  11 

Slight. 

0.65 

8.85 

1.50 

2.85 

.0004 

.0297 

.29 

.0050 

.0002 

2877 

Ifay    8 

May    9 

Distinct. 

Ck>n.,brown. 

0.90 

4.55 

1.75 

2.80 

.0028 

.0322 

.36 

.0100 

.0001 

2562 

June  7 

June  8 

Veryslight. 

Conaid'ble. 

1.20 

4.65 

1.85 

2.80 

.0012 

.0348 
.0292 

.29 

.0060 

.ooor 
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Chemical  Examination  of  Water  from  Charles  River  opposite  the  FiUer-Basin  of 
the  Newton  Water  Works — Concluded. 


Date  of 

Appbaxakcb.               I 

1 

Rksidub  on 
Evaporation. 

AXMOKIA. 

1 

NiTBOOKN 
AS 

1 

j 

1 

j 

1 

1 

4 

i 

1 

< 

5 

^ 

2n8 

1» 

July    6 

88. 
JnJy    6 

Vcryaligbt. 

Verysllght. 

0.60 

4.85 

1.65 

2.70 

.0032 

.0240 
.0240 

.34 

.0070 

.0000 

2808 

Aug.  9 

Aug.  10 

SUght. 

VerysUght. 

0.20 

4.35 

1.15 

3.20 

.0000 

.0212 
.0212 

.44 

.0020 

.0000 

8181 

Sept.  12 

Sept.  13 

VeryaUght. 

Verysllght. 

1.00 

6.30 

2.85 

3.65 

.0016 

.0340 
.0328 

.38 

.0160 

.0001 

8365 

Oot.  11 

Oct.  12 

Verysllght. 

VerysUght. 

1.00 

M. 

2.40 

3.15 

.0004 

.0800 
.0262 

.87 

.0070 

.0002 

3612 

Nov.   8 

Nov.   0 

VeryaUght. 

VerysUght. 

1.80 

4.80 

2.30 

2.60 

.0010 

.0304 
.0278 

.39 

.0080 

1 

.0001 

8688 
8982 

Dee.    6 

IS 

Jan.  25 

Dec.    7 

80. 

Jan.  26 

Verysllght. 
VerysUght. 

VerysUght. 
Verysllght. 

0.60 
0.50 

3.85 
3.45 

1.55 
1.15 

2.30 
2.30 

.0006 
.0002 

.0180 
.0148 

.0160 
.0144 

.84    .0130 
.31'  .0060 

.0001 
.0002 

8087 

Feb.    7 

Feb.    8 

Verysllght. 

SU»t,whIte. 

0.50 

8.75 

1.20 

2.55 

.0002 

.0140 
.0122 

.34    .0090 

.0002 

4080 

Feb.  21 

Feb.  23 

Slight. 

Slight. 

0.80 

3.70 

1.05 

2.65 

.0000 

.0178 
.0174 

.32    .0200 

.0004 

4241 

Mar.    7 

Mar.    8 

Distinct. 

SUght. 

0.30 

3.60 

1.20 

2.40 

.0000 

.0182 
.0140 

.31  1.0000 

.0002 

4406 

Apr.  11 

Apr.  12 

Slight. 

Verysllght. 

0.70 

8.75 

1.30 

2.45 

.0004 

.0222 
.0212 

.33  1.0080 

'1 

.0003 

4688 

lyUy    0 

May  11 

SUght. 

Oonsld»ble. 

1.20 

4.45 

2.25 

1 

2.20 

.0086 

.0362 
.0318 

.32    .0040 

i 

.0002 

Av. 

s 

0.76 

1   5.22   1.62 

3.60 

.0010 

.0256 

.38. 0088 1. 0002 

Hardness  In  May, 
river. 


1888,1.7.    Odor,  distinctly  vegetable. The  samples  were  collected  from  the 


Microscopical  Examination. 


1888. 

1880. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov.  1  Dec. 

1 

Jan. 

Feb. 

Feb. 

Mar. 

AprJ  M«y. 

1.  Bine-green  Alg», 

0.0 

0.0 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Alga} 

4.4 

0.9 

0.3 

1.2 

0.6 

0.6 

0.9 

0.1 

4.9 

1.8 

20.6 

2.2 

6.7 

3.  Fungi 

0.4 

0.0 

0.0 

pr. 

0.6 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0    0.0 

0.0 

4.  Animal  Forms,     . 

0.1 

pr. 

0.1 

0.1 

0.2 

0.6 

pr. 

0.0 

1.2 

0.0 

0.2    0.2 

0.0 

Groups  and  principal  genera  of  organisms  observed :  1.  Cyanophycess.  2.  Palmellacead ;  Zoospore» ; 
Desmidlaces;  Dlatomaceae,  Synedra,  Tabellaria;  Zygnemacee.  8.  Schlzomycetes.  4.  Frotoxoa, 
JHnobryon;  Spongiarla;  AnneUda;  Entomostraca. 
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Chemical  ExamifuUion  of  Water  from  Hammond's  Pond,  Newton. 

[Puta  p«r  100,000.] 


DATS  or 


n 


Appbasancs. 


BCSIBUB  OK 
EVAPOBATION. 


NiTSOOBH 
▲  8 


■I 


4876 


18  99.      r 

Mar.  22   Mar.  22    Diatinct. 


Blight. 


1.1 


5.40 


2.00 


8.40 


.0038 


.0450 
.0340 


.64    .0040 


,0008 


Odor,  none. The  sample  was  collected  from  the  southerly  end  of  the  pond  from  the  end  of  an 

ioemn. 

Water  Supply  op  North  Adams  Fire  District,  North  Adams. 

Description  of  Works.  — Population  of  the  town  in  1885,  12,540. 
Estimated  population  of  the  fire  district,  10,000.  The  works  are 
owned  by  the  fire  district,  and  were  built  in  1861.  The  consump- 
tion of  water  in  summer  is  said  to  be  as  high  as  1,100,000  gallons 
per  day.'  The  present  sources  of  supply  are  Notch  Brook,  about 
two  miles  south-westerly  from  the  town,  and  some  tubular  wells  in 
the  town.  The  water  of  the  brook  is  diverted  by  a  low  dam  into 
pipes  leading  to  the  town.  Above  this  dam  the  brook  has  a  very 
steep  and  rocky  drainage  area  of  2.46  square  miles.  On  the  line  of 
the  pipes  leading  to  the  town  two  reservoirs  have  been  built.  The 
first  reservoir,  situated  at  an  elevation  of  about  400  feet  above  the 
town,  is  the  larger  one,  and  is  used  as  a  storage  reservoir.  Its 
shape  is  approximately  rectangular;  its  area  is  1.75  acres,  and  its 
depth  when  full  is  14  feet.  Its  capacity  is  about  6,000,000  gallons. 
The  bottom  and  the  lower  half  of  the  slopes  are  concreted ;  the 
upper  half  is  paved.  The  second  reservoir  is  nearer  the  town,  at  a 
lower  level,  and  is  used  as  a  distributing  reservoir.  It  is  about  150 
feet  square,  and  contains  9  feet  of  water  when  full.  The  wells,  added 
in  1884  though  not  used  until  1886,  are  said  to  consist  of  two  8-inch 
pipes  sunk  500  feet,  mostly  through  rock,  until  a  seam  of  sandstone 
or  sand  was  reached.  They  are  used  only  when  the  Notch  Brook 
supply  is  insuflScient,  as  the  water  from  them  is  very  hard.  These 
wells  are  located  in  a  swampy  district  with  a  large  population  in  and 
about  it.  Distributing  mains  are  of  cast  iron  ;  service  pipes  are  of 
wrought  iron,  a  part  of  them  being  galvanized. 

Works  for  obtaining  an  additional  supply  from  Broad  Brook  in 
Pownal,  Vt.,  are  now  nearly  finished. 
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Chemical  Examination  of  Water  from  a  Faucet  in  North  Adams,  supplied  from 

Notch  Brook. 

[Peru  per  100,000.] 


Datb  or 

Appbakamcb. 

Rksidcb  ox 
evapobatiov. 

j 

NITROOBH 
AS 

» 

1 

Exam- 
ination. 

6 

1 

6 

1 

4 

Is 

^ 

'1 

1 

1^ 

» 

1 

1 

63 

18  87. 

June   7  June 

8    Very  slight. 

Verysllght. 

0.00 

8.60 

1.42 

7.18 

.0003 

.0049 

1 
.07 

.0030 

_ 

276, July    7  July 

8 

Distinct. 

8Il%brown. 

0.00 

8.45 

r.20 

hB 

.0004 

.0046 

.06 

.0000 

- 

472 

Aug.  3  Aug. 

DlsUnct. 

Slight. 

0.10 

8.50 

0.20 

8.30 

.0002 

.0057! 

.06 

.0070 

- 

808 

Oct.     6  1  Oct. 

1 

None. 

None. 

0.00 

9.62 

0.15 

9.47 

.0002 

.0026' 

.04 

.0000 

- 

1103   Nov.    3 

Nov. 

SUght. 

Con  ..earthy:  0.00 
and  floc't. 

10.80 

0.70 

9.60 

.0000 

.00221 

1 

.07 

.0050 

- 

1329    Dec.    5 

Deo. 

1 

Very  Blight. 

VerysUght. 

0.00 

6.75 

0.55 

6.20 

.0000 

1 
.0040 

.08 

.0100 

- 

1531 

18 

Jan.    4 

88. 
Jan. 

I 

Verysllght. 

Verysllght. 

0.00 

6.55 

0.70 

5.85 

.0000 

.0050 

.09 

.0100 

.0000 

1746 

Feb,    3 

Feb. 

Very  slight. 

None. 

0.00 

7.45 

0.75 

6.70 

.0000 

.0016 

.08 

.0100  1.0000 

1952 

Mar.   3  Mar. 

SUght. 

Sli't,  earthy 
and  floc't. 

0.05 

i'- 

0.20 

6.80 

.0000 

.0018 

.07 

.0090  .0000 

2161 

Apr.   4  Apr. 

Distinct. 

Verysllght. 

0.10 

.   5.15 

0.55 

4.60 

.0000 

.0048 

.02 

.0100  .0000 

2857 

May    3iMay 

Distinct. 

Srt,  earthy. 

0.15 
0.04 

5.10 

0.70 

4.40 

1.0000 

.0038 

.05 

.0060 

.0001 

Av. 

7.88 

0.50 

6.88 

.0003 

! 

.0042 

.06 

.0064 

1 

Hardness  in  June,  1887,  7.0;  In  May,  1888,  4.1.  Odor,  very  faint  or  none.— — The  samples  were 
collected  from  a  faucet  In  the  village.  There  were  heavy  showers  Just  previous  to  the  collection  of  Nob. 
276  and  472. 

Microscopical  Examination. 

April,  1888.    1.  Blue-green  alg»,  0.0;   2.  Other  alg»,  pr.;   8.  Fungi,  0.0;   4.  Animal  forms,  pr. 
May,  1888.    1.  Blue-green  algie,  0.0;   2.  Other  alg»,  pr. ;    8.  Fungi,  0.0;   4.  Animal  forms,  0.0. 
Groups  and  principal  genera  of  organisms  observed :    2.  Dlatomacee.    4.  Protozoa. 


Chemical  Examination  of  Water  from  Deep  Tubular  Wells^  North  Adams 

Water  Works, 

[Parte  per  100,000.] 


Datb  of 

Appbarancb.               1 

1 

ItKSIDUB  OK 

Evaporation. 

Ammokia. 

o 

KiTBOOBK 
AS 

1 

i 

§1 

i 

«i 

1 

1 

§1 

1-^ 

i 

it 

1 

1 

il 

-< 

1 

» 

602 

18 

Sept.  3 

87. 

Sept.  7 

1 

Verysllght. 

None. 

0.0 

20.62 

- 

- 

.0000 

.0004 

.20 

.1040 

- 

Odor,  none. The  sample  was  collected  from  a  faucet.    The  wells  had  not  been  nsed  for  a  long 

time  until  within  a  day,  or  possibly  two  days,  of  the  time  when  the  sample  whs  collected. 
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Chemical  Examination  of  Water  from  Broad  Brook  in  Pownal,  Vt.,  Proposed 
Source  of  Additional  Supply  for  North  Adams  Fire  District. 

[Put!  per  100,000.] 


Datb  of 

Appbaramcb. 

RiSaiDUK  ON 
EVAPORATIOM. 

AMMOMia. 

;l 

NiTaooMi 

Afl 

1 

B 

9 

'A 

1 

Exam- 
ination. 

f 

^ 

1 

^ 

1 

1 

.1 

1^ 

1 

s 

1»  «T.           1 

SS39   Jan.  10   Jan.  11    SUgfat. 

Slight. 

0.5' 

! 

2.95 

1.15 

1  .0002 

.0098 

.03 

.0100 

.0001 

Odor,  none. The  sample  was  collected  from  the  brook  at  the  first  pole  bridge,  aboat  one-half 

mile  above  the  Massachusetts  State  line. 

Microscopical  Examination, 

January,  1880.    1.  -Bine-green  algn,  0.0;   2.  Other  algae,  pr.;    3.  Fungi,  0.0;   4.  Animal  forms,  0.0. 
Oroups  and  principal  genera  of  organisms  observed :    2.  Dlatomacen. 


Water  Supply  of  Nobthampton. 
Description  of  Works. — Population  in  1885,  12,896.  The  works 
are  owned  by  the  city,  and  were  built  in  1871.  The  average  daily 
consumption  in  1888  was  estimated  to  be  about  1,093,000  gallons. 
The  source  of  supply  is  Roberts'  Meadow  Brook  in  Northampton 
and  Westhampton,  on  which  two  storage  reservoirs  have  been  built. 
The  dam  which  forms  the  lower  reservoir  was  built  in  1871.  It  was 
rebuilt  in  1879  and  made  two  feet  higher  than  before.  The  original 
area  of  the  reservoir  was  about  3  acres  and  its  capacity  about 
4,000,000  gallons.  The  bottom  of  the  reservoir  was  cleared  of  all 
vegetable  growth,  and,  after  rebuilding  the  dam,  a  considerable 
portion  of  the  bottom  was  excavated  to  a  depth  of  three  to  four  feet. 
The  upper  storage  reservoir  was  built  in  1883,  and  has  a  capacity  of 
16,500,000  gallons.  Its  bottom  was  thoroughly  cleaned  before 
filling.  The  watershed  of  Roberts'  Meadow  Brook  above  the  lower 
storage  reservoir  is  very  hilly,  and  the  soil  is  of  gravel  and  rock. 
About  one-third  of  it  is  wooded,  and  the  remainder  is  chiefly  pasture 
land.  The  area  of  the  watershed,  estimated  from  the  new  topo- 
graphical map  of  Massachusetts,  is  10.6  square  miles,  and  it  contains 
very  few  inhabitants.  Water  is  distributed  by  gravity.  Distribut- 
ing mains  are  of  cast  iron.  Enameled  iron  is  now  used  for  service 
pipes,. though  cement-lined,  galvanized,  and  tarred  wrought  iron 
have  been  used  in  the  past. 
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Chemical  Examination  of  Water  from  the  Upper  Storage  Reservoir  of  the  Korih- 
ampf^n  Water  Works  on  Roberts^  Meadow  Brook, 

[Parti  per  100,000.] 


Datb  of 

Appbaiukcb. 

Rksiduk  ok 
Evaporation. 

Ammonia. 

i 

i 

NiTBOGEX 
AS 

1 

s 

f 

1 

1 

1 

il 

^ 

1 

|1 

QO 

2 

1 

9. 

40S 

July  26  July  27 

SUght. 

Consld'ble. 
brown. 

0.85 

4.45 

1.07 

3.38 

.0017  .0219 

.12 

.0040 

1 

- 

Odor,  faintly  vegetable. The  aample  waa  collected  from  the  reaervoir  Just  after  a  rainfall  of  7.1« 

inches. 

Chemical  Examination  of  Water  from  the  Lower  Storage  Reservoir  of  the  North- 
ampton Water  Works  on  Roberts^  Meadow  Brook. 

[Parts  per  100,000.] 


Date  op 

Appxarakcb. 

RE8IDUB  ON 
EVArORATION. 

Ammonia. 

1 

NiTBOOKN 
AS 

s 

1 

i' 

6 

^ 

6 

2 

il 

t 

1 

2 

il 

Chlorine. 

s 

5 

1            18  87. 

1 

1 

il 

184   June  22 

June  24 

Slight. 

Very  slight. 

0.10 

4.80 

0.80 

4.00 

.0015 

.0106 

.16    .0000 

- 

«09   Aug.  23 

Aug.  25 

■      1 

Very  slight. 

Sirt.  brown. 

0.60 

1   4.97 

1.35 

8.62 

.0002 

.0170 

.13  1.0040 

- 

Odor,  faintly  vegetable. The  samples  were  collected  from  the  reservoir.    Sample  Xo.  609  waA 

collected  Just  after  a  rainfall  of  nearly  an  inch. 


Chemical  Examination  of  Water  from  a  Faucet  at  City  ffall,  Northampton^ 
supplied  from  the  Northampton  Water  Works, 

[ParU  per  100,000.] 


Date  op 

Appearanob. 

Evaporation. 

Ammonia. 

J 

1  Nitrogen 

1            A-8 

1 

a 

1 

if 
a- 

6 

I 

1 

1 

^ 

1 

1^ 

'1 

S 

185 

1 
18  87. 

June  22  June  24    Decided. 

Consid'ble. 

0.20 

5.90 

1.00 

4.90 

.0000  .0138 

.10 

.0020 

_ 

406 

July  25   July  27  K  Slight. 

Consid'ble. 

0.80 

4.67 

1.32 

3.35 

.0009  .0247 

1 

.09 

.0130 

- 

610 

Aug.  23 

Aug.  25  .Very  slight. 

Very  slight. 

0.80 

4.72 

1.27 

3.45 

.OOO2L0I6I 

.06 

.0070       - 

821 

Sept.  20 'Sept.  21  r  None. 

None. 

0.10 

4.65 

0.85 

8.80 

.0002  .0078 

1 

.10 

.0000 

- 

1022 

Oct.  24' Oct.  25    Slight. 

Slight. 

0.50 

5.20 

1.10 

4.10 

.0000  |. 0152 

.21 

.0030 

- 

1248 

Nov.  21   Nov.  23  1  Slight. 

Very  slight. 

0.30 

4.70 

1.30 

3.40 

.0002 '.0101 

.20 

.0100 

- 

1455 

Dec.  20   Dec.  21  '  Slight. 

Very8light.|0.15 

4.05 

1.00 

3.05 

.0004 

.0095 

.12 

«0070  .0000 

1 
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Chemical  Examination  of  Water  from  a  Faucet  at  City  Hall,  Northampton, 
supplied  from  the  -Northampton  Water  Works — Concluded. 


Datk  op 

1                 Appbabamcs. 

Rbsidcb  cm 
evaporatiok. 

AmcoMiA. 

i 

NITBOOKM 
▲  8 

1 
I 

r 

if 

1 

1 

I 

§1 

b 

1 

A 

< 

s 

S 

1630 
1874 
2076 
2252 
24S0 

18 

Jan.  2A 

Feb.  20 
Mar.  20 
Apr.  18 
May  21 

88. 
Jan.  25 

Feb.  21 

Mar.  22 

Apr.  19 

May  22 

VerysUght. 
Very  slight. 
VerysUght. 
Distinct. 
Slight. 

VerysUght. 

SU't,  white. 

BU't,  brown. 

Sli't,earthy. 

Con  ..earthy 
and  floc'i. 

0.05 
0.15 
0.10 
0.10 
0.30 

4.00 

4.10 
3.95 
2.75 
3.80 

0.80 
0.80 
0.60 
0.65 
0.70 

3.20    .0000 
3.80    .0006 

8.35 ''.0002 

'1 
2.10    .0004 

3.10    .0000 

.0010 
.0071 
.0042 
.0102 
.0134 

.06 
.11 
.10 
.06 
.06 

.0000 
.0100 
.0050 
.0080 
.0040 

.0000 
.0000 
.0000 
.0002 
.0000 

Av. 

1 

0.30 

4.87 

0.95 

3.42    .(MM3 

.0113 

.11 

.0058 

1 

Hardness  in  May,  1888, 1.6.    Odor,  faintly  vegetable,  sometimes  none. Sample  No.  406  was  col- 

Iect«d  just  after  a  rainfall  of  7.16  inches.    Sample  No.  610  was  collected  Jast  after  a  ralnfaU  of  nearly  an 
inch. 


Microscopical  Examination, 


1888. 


April. 


May. 


1.  Bine-green  Algss, 

2.  Other  Algae, 

3.  Fongi, 

4.  Animal  Forms*  . 


0.0 
pr. 
0.0 
0.0 


pr. 
0.0 
pr. 


0.0 
pr. 
0.0 
0.0 


Groaps  aod  principal  genera  of  organisms  obseryed :    2.  Palmellaceee ;  Dlatomacesa.    4.  Spongiaria. 


North  Andover. 

Chemical  Examinaiion  of  Water  from  Great  Pond,  North  Andover, 

[Parts  per  100,000.] 


IUte  of 

Rksidub  on 
evapuratiok. 

Ammonia. 

! 

NiTROOKN 

AS 

1 

s 

1 

a 

^ 

g    ' 

5  1 

1 

si 

1 

1 

< 

1 

55 

^ 

4060 

18 

Feb.  20 

Feb.  31 

SUght. 

Sirt,  white. 

1 

0.1 

3.15 

0.80 

2.25 

1 

.0004  .0186 
.0152 

.81 

.0030 

.0002 

Odor,  none. The  sample  was  collected  from  the  pond  near  the  outlet. 
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Water  Supply  of  Fire  District  No.  1,  North  Attleborough. 
Description  of  Works. — The  estimated  population  of  the  fire 
district  in  1886  was  4,342.  The  total  population  of  Attleborough 
and  North  Attleborough  in  1885  was  13,175.  North  Attleborough 
was  incorporated  as  a  separate  town  in  1887.  The  works  are  owned 
by  the  fire  district.  Water  was  introduced  in  1884.  The  average 
daily  consumption  in  1888  was  193,500  gallons.  The  source  of 
supply  is  a  large  well  near  the  outlet  of  Whiting's  Mill  Pond  on 
Ten  Mile  River  just  above  the  village  of  North  Attleborough.  The 
well  is  30  feet  in  diameter  and  26  feet  deep,  and  is  covered  by  a  roof 
to  exclude  the  light.  The  walls  are  of  stone  lined  with  brick  laid  in 
cement,  and  the  bottom  is  of  gravel.  Pumps  force  the  water  to  a 
covered  iron  tank  40  feet  in  diameter  and  60  feet  in  height.  Dis- 
tributing mains  are  of  cast  iron  ;  service  pipes  are  of  enameled  iron. 

Chemical  Examination  of  Water  from  the  Well  of  the  North  Attleborough 

Water  Works. 

[Parts  per  100,000.] 


Datb  of 

RCaiDUB  ON 
EVAPOEA-TIOM. 

AVHOXIA.. 

1 

NiTROOSSI 
AS 

1 

t 

jj 

f 

1 

u 

§1 

m  e 

1 

1 

< 

i 

1      ^ 

i 

>5 

134 

18 

June  17 

June  IS 

None. 

None. 

0.0 

6.90 

_ 

_ 

.0000 

.0006 

.62 

.0650      - 

844 

July  16 

July  16 

None. 

None. 

0.0 

6.50 

- 

- 

.0002 

.0011 

.61 

.0130 

- 

666 

Aug.  16 

Aug.  16  1  None. 

None. 

0.0 

6.60 

- 

- 

.0003 

.0006 

.60 

.0350 

- 

768 

Sept.  14 

Sept.  16    None. 

None. 

0.0 

6.85 

- 

- 

'.0000 

.0012 

.62 

.0260 

- 

044 

Oct.  13 

Oct.  13    None. 

None. 

0.0 

5.95 

- 

- 

.0000 

.0010 

.46 

.0370 

- 

1283 

Nov.  21 

Nov.  22  l-eUght. 

None. 

0.0 

6.60 

- 

- 

.0000 

.0031 

.48    .0070 

- 

1400 

Dec.  14 

Dec.  14 

None. 

None. 

0.0 

6.55 

- 

- 

.0000 

.0000 

.61  |.0200 

- 

1600 

18 

Jan.  16 

88. 
Jan.  17 

None. 

None. 

0.0 

6.85 

_ 

_ 

.0000 

.0014 

.47    .0220 

.0001 

1791 

Feb.  10 

Feb.  10 

811't,nil!ky. 

None. 

0.0 

6.30 

- 

- 

.0000 

.0023 

.51!  .0230 

.0000 

2004 

Mar.  14 

Mar.  15     Sli't.mllky. 

None. 

0.0 

6.96 

- 

- 

.0000 

.0012 

.49    .0200 

.0001 

2224 

Apr.  16 

Apr.  17  ,  8ii't,milky. 

Very  alight. 

0.0 

5.85 

- 

- 

.0000 

.0018 

.60    .0230 

.0000 

2416 

May  14 

May  15 

None. 

None. 

0.0 

5.95 

- 

- 

.0000 

.0014 

.50!'.0300 

.0000 

2688 

Jane  12 

June  13 

None. 

None. 

0.0 

6.66 

- 

- 

.0000 

.0012 

.49    .0400 

1 

.0000 

2769 

July  12 

July  13 

None. 

None. 

0.0 

6.26 

- 

- 

.0002 

.0018 

.50    .0150 

1 

.0000 

2020 

Aug.  13 

Aug.  14 

None. 

None. 

0.0 

6.60 

- 

- 

.0010 

.0024 

.50    .0090  .0001 

3149 

Sept.  10 

Sept.  11 

Very  alight. 

None. 

0.0 

6.16 

- 

- 

.0008 

.0014 

.43    .0280 

.0001 

8822 

Oct.     8 

Oct.     9 

Slight. 

None. 

0.0 

6.30 

- 

- 

.0000 

.0028 

.46    .0300 

.0000 

8624 

Nov.  12 

Nov.  12 

None. 

None. 

0.0 

6.60 

- 

- 

.0000 

.(K)0K 

.60    .0350  .0000 

1 

8684 

Dec.  10 

1 

Dec.  10 

None. 

None. 

0.0 

6.96 

- 

- 

.0006 

.0026 

1 

.56    .0700 '.OOOO 
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Chemical  Examination  of  Water  from  the  Well  of  the  North  Attleborough 
Water  Works  —  Concluded. 


Datb  of 

Appbakakcb. 

RK5IDI7B  ON 
EVAPORATIOK. 

Akmonia. 

1 

NITROOKN 
AS 

1 

9 

j 

! 

f 

«: 

i 

4 

1 

1 

1 

ii 

< 

1 

e 

S 

'A 

8SM 

401S 

4903 
4677 

IS 

Jan.  14 

Feb.  14 
Mar.  15 
Apr.  12 
May  16 

89.           1 
Jan.  14 

Feb.  14 

Mar.  16 

Apr.  12 

May  17 

«    1 

None. 
None. 
None. 
None. 
None. 

Veryslight. 

None. 

None. 

None. 

None. 

0.0 
0.0 
0.0 
0.0 
0.0 

6.30 
5.90 
6.20 
6.10 
6.93 

' 

- 

.0000 
.0000 
.0000 
.0000 
.0000 

.0006 
.0010 
.0020 
.0018 
.0008 

.66 

.67 

1 
.54 

.52 

.66 

.51 

.0500 
.0450 
.0450 
.0220 
.0460 

.0000 
.0000 
.0000 
.0000 
.0000 

Av. 

0.0 

6.23 

- 

.0001 

.0014 

.0315 

1 

HardneM  in  May,  1888,  3.1. 
station  while  pumping. 


Odor,  none.    The  samples  were  collected  from  a  faucet  at  the  pumping 
Microscopical  Examination. 


1888. 

1889. 

May.  June. 

July. 

Aug.  I  Sept. 

1 

Oct. 

Nov. 

Dec. 
0.0  ' 

1 
Jan.    Feb. 

Mar    Apr. 'May. 

1.    BIae>green  Aigse, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

pr.  1  0.0 

0.0 

2.    Other  AlgiB, 

0.0 

0.0 

0.0 

0.0 

0.0 

- 

0.0 

0.0 

pr. 

0.0 

0.4  1  pr. 

pr. 

S.    Pnngi, 

0.0 

0.0 

0.0 

0.0 

0.0 

- 

0.0 

0.0 

0.0 

0.0 

0.0  1  0.0 

0.0 

4.    Animal  Forms,  . 

0.0 

0.0 

0.0 

0.0 

0.0 

- 

0.0 

0.0 

1 

0.0 

0.0 

0.1  j  0.0 

0.0 

Groups  and  principal  genera  of  organisms  observed:    1.  CyanophycesB.    2.  Palmellacese,  Diatom- 
aeee.    3.  Schlzomycetes.    4.  Protozoa. 

Chemical  Examination  of  Water  from  the  Tank  of  the  North  Attleborough 

Water  Works, 

[Parts  per  100,000.] 


Datb  of 

Appbarakcb. 

Rbsidub  om 
Evaporation. 

'  Ammonia. 

1 

i 

XlTROGKN 
AS 

'A 

i 

a 

1 

j 

i 

6 

1 

!1 

tM 

i 

ia 

< 

1 

y^ 

M5 

18  87. 

Oct,   13   Oct.  13 

1 

None. 

None. 

0.0 

5.85 

. 

. 

.0004  .0012 

.50 

.0370 

. 

1234 

Nov.  21   Nov.  22 

i  None. 

None. 

0.0 

6.00 

- 

- 

.0000 

.0014 

.50 

.0200 

- 

1401 

Dec.  14 '  Dec.  14 

None. 

None. 

0.0 

5.60 

- 

- 

.0000 

.0012 

.49 

.0200 

- 

1509 

18 

Jan.  16 

88. 
Jan.  17 

None. 

None. 

0.0 

6.65 

_ 

- 

.0000 

.0014 

.48 

'.0300 

1 

.0000 

1792 

Feb.  10 

Feb.  10 

None. 

None. 

0.0 

5.95 

- 

- 

.0000 

.0010 

.51 

.0250 

1 

.0000 

S0O3 

Mar.  14 

Mar.  15 

None. 

None. 

0.0 

5.70 

- 

- 

.0000 

.0014 

.60 

1.0250 

.0000 

1860 

Jane  12 1  Jane  13 

None. 

None. 

0.0 

,6.25 

- 

- 

.0000  .0010 

.61 

[.0500 

.0000 

Google 
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[Dec. 


Chemical  ExamiruUion  of  Water  from  the  Tank  of  the  North  AUleborough 
Water  Works — Goncladed. 


Datb  op 

Appbabajicb. 

Bbsidub  ox 
Evaporation. 

AXXOVIA. 

U 

AS 

1 

j 

^1 

H 

j 

1 

^ 

|i 

i 

1 

< 

2 

1 

18  99* 

2768   July  12  July  13 

None. 

None. 

1 
0.0 ! 

5.85 

_ 

_ 

.0002 

.0016 

.50 

.0400 

.0000 

2921    Aug.  13 

Aug.  14 

None. 

1 

None. 

0.0 

6.15 

- 

- 

.0006 

.0032 

.54 

.0250 

.0000 

315a  Sept.  10 

Sept.  11 

None. 

1 

None. 

0.0 

5.90 

- 

- 

.0010 

.0026 

.52 

.0350 

1 

.0000 

8323    Oct.     8 

Oct.     9 

Very  slight. 

None. 

0.0 

6.00 

- 

- 

.0000 

.0022 

.46 

.0500 

.0000 

8685  !  Dec.  10 

Dec.  10 

None. 

None. 

0.0 

6.05 

- 

- 

.0002 

.0016 

.51 

.0650 

.0000 

4756 

18 

May  31 

80. 

June   1 

Bll't,milky. 

Coneld'ble. 

0.0 

6.00 

- 

- 

.0010 

.0044 

.52 

'.0600 

.0001 

Av. 

0.0| 

5.91 

- 

- 

.0003 

.0019 

.50 

1          1 

'.0363 

. 

1 

Odor,  none. The  Bamplea  were  collected  from  a  faucet  in  a  house  on  the  main  pipe  leading 

from  the  Uuk.  Samples  numbered  1234.  1401,  1509,  1792,  2003,  3323  and  3685  were  collected  from  40 
to  42  hours  after  pumping  had  ceased.  Those  numbered  945,  2589,  and  2768  were  collected  from  18  to  22 
hours  after  pumping  nad  ceased.  No.  4756  was  collected  from  a  faucet  at  the  dead  end  of  a  6-inch  main 
48  hours  after  pumping  had  ceased. 


Microscopical  Examination, 


1888. 

1889. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 
Dec.    1 

May. 

1.  Blue.green  Algae, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0     , 

0.0 

2.  Other  Algae, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

8.  Fungi, 

0.0 

0.2 

0.0 

0.0 

2.6 

0.0 

120.0 

4.  Animal  Forms, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0    1 

0.0 

Groups  and  principal  genera  of  organisms  observed :    3.  Schizomycetes,  Leptothrix,  Orenothrix. 
All  of  the  organisms  found  in  May,  1880,  were  of  the  genus  Orenothrix. 


Chemical  Examination  of  Water  from  the  Ten  Mile  River  at  North  Attleborough. 

[Parts  per  100,000.] 


Date  of 

Appbaraxcr. 

Rbsidur  ox 
Evapobatiox. 

Akmonia. 

NiTROGEX 
AS 

1 

j 

§1 

j 

3 

H 

i 

« 

1 

2 

il 

< 

1 

•* 

943 

18 

Oct.   13 

87. 
Oct.  18 

Distinct. 

Sll't,  white.  0.30 

3.65 

0.55 

3.10 

.0000 

.0219 

.36 

1 

.0000 1    - 

1399 

Dec.  14 

Dec.  14 

Slight. 

Very  slight,  0.10 
white. 

Veryslight.'o.20 

3.85 

0.85 

3.00 

.0020 

.0180  ' 

.40 

.0150      - 

1698 

18  88. 
Jan.  16  1  Jan.  17 

None. 

3.75 

0.75 

3. CO 

.0028 

.0089 ' 

.26 

.0260  .0001 

1790 

Feb.  10   Feb.  10 

Slight. 

None.            0.10 

2.90 

0.90 

2.00 

.0045 

.0174 

.19 

,.0150  .0000 
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Chemical  Examination  of  Water  from  the  Ten  Mile  River  at  North 
Attleborough — Concluded. 


Datb  of 

Appkaraxcb. 

Rekidux  oir 

EVAPOKATION. 

AXMONIA. 

^ 

KiTROGKX 
▲  8 

1 

j 

A 

f 

*i 

1 

1 

§1 

1 

1 

ll 

55 

1 

aoo2 

18 

Mar.  U 

88. 
Mar.  15 

Blight. 

Veryslight. 

0.05 

2.65 

0.85 

2.30 

.0014 

.0100 

.32 

.0100 

.0001 

2225 

Apr.  16 

Apr.  17 

Slight. 

Veryslight. 

0.20 

2.85 

0.65 

2.20 

.0003 

.0112 

.29 

.0080 

.0001 

24U 

May  14 

May  15 

Dlttlnct. 

Veryslight. 

0.25 

3.50 

0.95 

2.55 

.0004 

.0256 

.30 

.0060 

.0002 

2&87 

jDoe  12 

June  13 

Diatinct. 

Con.,  white. 

0.16 

8.78 

0.95 

2.83 

.0000 

.0242 
.0170 

.,31 

.0070 

.0003 

2787 

July  12 

July  13 

Veryallght. 

Sll*t,brown. 

0.10 

3.30 

1.05 

2.25 

.0004 

.0186 
.0148 

.31 

.0000 

.0000 

2919 

Aug.  13 

Aug.  14 

Slight. 

Sli't.brown. 

0.10 

8.50 

1.00 

2.50 

.0012 

.0124 
.0114 

.35 

.0030 

.0001 

314S 

Sept.  10 

Sept.  11 

Slight. 

Veryslight. 

0.15 

2.95 

0.70 

2.25 

.0016 

.0136 
.0114 

.27 

.0060 

.0002 

3321 

Oct.    8 

Oct.     9 

Distinct. 

Sli't,  M-hlte. 

0.10 

8.55 

1.10 

2.45 

.0002 

.0134 
.0114 

.30 

.0120 

.0002 

3523 

Xov.  12 

Nov.  12 

Distinct. 

Slight. 

0.20 

3.30 

0.80 

2.5D 

.0000 

.0110 
.0082 

.32 

.0150 

.0000 

3723 
3843 

Dec.  17 
Jan.  14 

Dec.  17 

89. 

Jan.  14 

VerysHght. 
Very  slight. 

Veryslight. 
Veryslight. 

0.15 
0.10 

3.15 
2.65 

0.90 
0.60 

2.25 
2.05 

.0008 
.0004 

.OORO 
.0078 

.0060 
.0042 

.29 

.0180 
.0160 

.0002 
.0002 

4017 

Feb.  14 

Feb.  14 

Veryslight. 

None. 

0.10 

2.70 

0.50 

2.20 

.0018 

.0070 
.0052 

.32 

.0120 

.0000 

4317 

Mar.  15 

Mar.  16 

1 
1 

Slight. 

Veryslight. 

0.10 

2.85 

0.70 

1.95 

.0000 

.0102 
.0086 

.27 

.0100 

.0002 

4502 

Apr,  12 

Apr.  12 

Distinct. 

Slight. 

0.10 

2.75 

0.75 

2.00 

.0010 

.0144 
.0092 

.27 

.0040 

.0003 

*<76 

May  16 

May  17 

Slight. 

Slight. 

0.10 

3.15 

0.80 

2.35 

.0000 

.0180 
.0160 

.0139 

.27 

.30 

.0030 

.0000 

Av. 

1 

0.14  j 

8.31 

0.71 

2.60 

1 

.0010 

.0096 

.0001 

1 



Hardness  in  May,  1888,  1.7.    Odor,  distinctly  vegetable,  seldom  mouldy. The  samples  were 

ooOected  from  Whiting's  Mill  Pond  at  the  dam  near  the  well  of  the  North  Attleborough  Water  Works. 


Microscopical  Examination, 

1888. 

1889. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.   Blue-grecn  AlgBP, 

. 

0.0 

pr: 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

2.   Other  Alg», 

2.0 

2.0 

0.6 

1.0 

pr. 

0.1 

pr. 

0.1 

0.6 

0.9 

0.2 

0.1 

3.   Fungi..       .       .        . 

. 

0.0 

0.2 

pr. 

0.5 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

4.   Animal  Forms,  . 

•      • 

0.3 

0.0 

pr. 

0.4 

0.0 

0.0 

pr. 

0.2 

0.0 

pr. 

0.3 

0.3 

^roTips  a 
MBiDran 


and  principal  genera  of  organisms  observed:    1.  Cyanophyceca.    2.  Palmcllacefe ;    Zoo- 


DCipal 
e;Dli 


■pores;  Dramldiacese ;  i>latomace»,  Synedra.  8.  Schizomycetes.  4.  Protozoa;  Rotlfera;  Entomostraca. 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Water  Supply  of  Nobthbobouoh. 

Description  of  Works.  —  Population  in  1885,  1,883.  The  works 
are  owned  by  the  town,  and  were  built  in  1882.  There  were  about 
200  water  takers  in  1887.  The  source  of  supply  is  Cold  Harbor 
Brook  in  Shrewsbury,  on  which  a  storage  reservoir  is  built.  The 
area  of  the  reservoir  is  about  9  acres  and  its  capacity  about  30,- 
000,000  gallons.  Its  maximum  depth  is  15  feet.  The  bottom  is 
muddy,  and  portions  of  the  reservoir  are  quite  shallow.  The  water- 
shed contains  a  very  small  population.  Water  is  distributed  by 
gravity.  Distributing  mains  are  of  wrought  iron  lined  with  cement ; 
service  pipes  are  of  enameled  iron.  In  1886  and  1887  there  were 
complaints  that  the  water  supplied  to  consumers  had  a  disagreeable 
taste  and  odor. 


Chemical  Examination  of  Water  from  a  Faucet  in  Northborough  supplied  from 
ike  Northborough  Water  Works, 

[Parti  per  100,000.] 


Datk  o» 

Affearancb. 

Bksidub  on 

EVAPORATIOV. 

Amxovia. 

i 

NiTBoaxir 

A3 

1 

i 

i 

g 

g 

u 

1 

1-^ 

■2 

1 

1^ 

< 

^ 

9* 

99 

18  87. 

June  14 1  June  15 

Slight. 

ConBid*ble. 

1.10 

4.47 

2.20 

2.27 

.0014 

.0234 

.19 

! 

.0190 

312 

July  12!  July  13 

Verytlight. 

Slight. 

0.90 

i    5.40 

1.87 

3.53 

.0038 

.0306 

.15  ]  .0070 

1 

- 

525 

Aug.  11 1  Aug.  12 

Decided. 

Consld*ble. 

1.40 

6.17 

2.47 

3.70 

.0008 

.0995 

.20    .0000 

1 

- 

T45 

Sept.  12   Sept.  13 

Decided. 

Consid'ble. 

1.40 

I5.37 

1.67 

3.70 

.0018 

.0296 

.20    .0230 
.24    .0080 

- 

953 

Oct.  13   Oct.  14 

Distinct. 

Con. .earthy 
and  flocH. 

1.80 

1    5.10 

1.65 

3.45 

.0006 

.0224 

- 

1154 

Nov.  10  Nov.  11 

Decided. 

ConBld'ble. 

0.90 

1   4.85 

1.35 

8.50 

.0004 

.0299 

.24    .0050 

" 

1398 

Dec.  14  '  Deo.  14 

Diatinct. 

Bli't,T»hite. 

1.10 

1   4.70 

1.50 

8.20 

4)006 

.0201 

.23    .0000      - 

1820 

18  88. 

Jon.  18   Jan.  19 

None. 

Very  Blight. 

0.50 

'3.8O 

1.30 

i 
2.50  1 

.002) 

.0131 

.12    .0080      - 

1831 

Feb.  14  Feb.  16 

1  Very  Blight. 

Very  Blight. 

0.55 

4.00 

1.80 

2.70  j 

.0021 

.0126 

.20    .0180  .0000 

2016 

Mar.  15  Mar.  16 

Slight. 

SUght. 

0.30 

8.30 

0.75 

2.55| 

.0026 

.0138 

.15    .OOSoLoOOl 

1 

2250 

Apr.  18 

Apr.  19 

'very  Blight. 

Veryalight, 
white. 

0.30 

2.45 

0.86 

1.60 

.0009 

.0131 

.14 

.0080 

.0001 

2436 

May  16  May  17 

Difltinct. 

Consid'ble. 

0.70 

3.55 

1.75 

1.80 

.0002 

.0222 

.13 

.0050  .0000 

8222 

Sept.  19  Sept.  20 

Slight. 

Conaid'hle. 

0.50 

3.85 

1.30 

2.55 

.0002 

.0316 
.0212 

.23 

.0030  .0001 

8383 

Oct.  17   Oct.  18 

Very  Blight. 

Slight. 

1.00 

3.70 

1.40 
1.56 

1 
t.30 

.0002 

.0200 
.0182 

.19 

.0070  1.0002 

1      1 

Av. 

0.85 

4.43 

,.« 

.0018 

.0230 

.19 

1            1 

.0081  '-Mmi 
,.0081 

1 

1        '             1 

HardneBB  in  May, 
collected  from  a  faucet 
8888. 


1888,  1.4.    Odor,  faintly  vegetable,  sometimea  mouldy. —— The  aamples  were 
in  the  village.    There  were  heavy  raina  Juat  previoua  to  the  oollection  of  625  and 


Digitized  by 


Google 


1889.] 


WATER  SUPPLY  AND   SEWERAGE. 


259 


Microscopical  Examination, 


May. 


Sept 


Oct. 


1.  Bine-green  Alg», 

3.  Other  A]g»,      . 
8.  Fnngi, 

4.  Animal  Forma, 


pr. 


pr. 
0.0 
0.0 


pr. 

88.6 

pr. 

2.8 


0.0 
1.5 
0.0 
0.4 


Gronps  and  prlDclpal  genera  of  organisms  observed:  1.  Cyanophycen,  Meritmopedia,  2.  Zoo- 
Bpome;  Desmldiaceie;  Dlatomaeeee,  ^•ifer»on«//a,  i5^n«(fra.  8.  Sohlzomycetes.  4.  Protozoa,  jPericfin' 
ium,  TracAelomonas  ;  Rotifera. 

Water  Supply  of  Northbridge. — Whitin  Machine  Works. 
Description  of  Works.  —  The  population  of  the  town  of  North- 
bridge  in  1885  was  3,786.  The  works  are  owned  by  the  Whitin 
Machine  Company,  and  were  constructed  in  1889  to  supply  the 
village  of  Whitinsville,  which  had  a  population  in  1880  of  2,340. 
The  sources  of  supply  are  springs,  the  water  from  which  is  collected 
in  vitrified  drain  pipes  laid  in  trenches  and  covered  with  broken 
stone,  and,  at  the  top,  with  earth.  The  pipes  conduct  the  water  to  a 
reservoir  74  feet  long,  42  feet  wide  and  10  feet  deep.  The  reservoir 
is  covered  by  a  roof.  Water  13  distributed  by  gravity.  Distributing 
mains  are  of  cast  iron ;   service  pipes  are  of  wrought  iron.     No 


analyses  of  the  water  have  been  made. 


North  Reading. 


Chemical  Examination  < 

of  Water  from  Martin's 

[Parts  per  100,000.] 

Fond 

^  in  North 

Reading, 

Datb  of 

Appbaiuscb. 

Rbsidub  ox 
Evaporation. 

AxxomA. 

i 

NlTROQBN 
AS 

i 

j 

jl 

f 

1 

5 

1 

§1 

1 

1 

ll 

< 

1 

i 

290 

2311 

18 

July    8 

IS 

Apr.  26 

July    9 

AS. 
Apr.  27 

Very  slight. 
Distinct. 

None. 
Sli't,  black. 

1.7 
0.7 

4.33 

1.65 
.40 

2.68 
1.35 

.0011 
.0008 

.0327 
.0216 

.15 

.22 

f 

.0000 
.0040 

.0001 

Odor,  faintly  vegetable. The  samples  were  collected  near  the  south  shore  of  the  pond.    The  city 

of  Maiden  has  authority  to  take  the  water  of  this  pond  for  a  public  water  supply. 

Microscopical  Examinaiion. 

April,  1888.    1.  Blue-green  alg»,  0.0;   2.  Other  algae,  pr.;   3.  Fungi,  0.0;   4.  Animal  forms,  pr. 
Groups  and  principal  genera  of  organisms  observed:    2.  PalmellaoesB ;  Diatomace».     4.  Bnto- 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Water  Supply  of  Norwood. 
Description  of  Works. — Population  in  1885,  2,921 
are  owned  by  the  town 


The  works 
Water  was  introduced  in  1885.     The  aver- 


age daily  consumption  in  1888  was  150,000  gallons.  The  source  of 
supply  is  Buckmaster  Pond  in  Dedham,  near  the  line  between 
Dedhan>  and  Norwood.  The  area  of  the  pond  at  high  water  is  29.5 
acres,  and  when  drawn  down  6  feet  its  area  is  22  acres.  Its  capacity 
is  123,000,000  gallons.  The  maximum  depth  of  the  pond  is  29  feet 
at  high  water ;  the  average  depth  is  13  feet.  The  bottom  of  the 
pond  is  of  sand  and  gravel  except  at  the  northerly  end,  opposite  the 
outlet,  where  there  is  a  layer  of  mud.  The  watershed,  which  has  an 
area  of  about  250  acres,  is  mainly  wood  and  pasture  land,  aud  con- 
tains a  small  population.  The  area  is  somewhat  hilly  and  the  soil  is 
gravelly.  Pumps  force  the  water  from  the  pond  to  an  open  distrib- 
utinflf  reservoir  and  to  the  villaoje.  The  reservoir  is  located  between 
the  pond  and  the  village,  about  500  feet  from  the  main  pipe,  and  is 
connected  with  the  latter  by  a  single  line  of  pipe.  The  dimensions 
of  the  reservoir  are  as  follows  :  At  inside  top  of  the  embankment, 
161.5  feet  long  and  141.8  feet  wide ;  at  the  bottom,  104.5  feet  long 
and  84.8  feet  wide.  At  high-water  mark  it  is  14  feet  deep,  and  its 
capacity  is  about  1,400,000  gallons.  X^®  bottom  is  covered  with  a 
layer  of  concrete  six  inches  in  thickness,  and  the  slopes  are  paved. 
Distributing  mains  are  of  cast  iron.  Service  pipes  are  of  wrought 
Iron  coated  with  tar. 

The  town  also  obtained  the  right  to  take  the  waters  of  Foundry 
and  Coleman's  brooks  at  the  time  of  taking  Buckmaster  Pond. 


Chemical  Examination  of  Waier  from  Buckmaster  Pond 

'  in  Dedham, 

[rarta  per  100,000.] 

Datk  op 

Appkarancb. 

Rbsidur  on 
Evapobation: 

Ammovia. 

i 

;  NlTROOKir 
AS 

*A 

§ 

ii 

Turbidity 

1 

a 

1 

e  5 
OS 

1 

1 

s 

o 

II 

< 

1 
e 

|2 

s 
i 

127 

18 

June  16 

87. 

June  17 

1 

,  Slight. 

Slight. 

0.10 

2.95 

1.72 

1.23 

.0009 

.0133 

.23 

.0000 

355 

July  18 

July  19 

,  VoryBlight. 

None. 

0.10 

2.85 

0.90 

1.75 

.0020 

.0226 

.28 

.0040 

- 

63S 

Ang.16 

Aug.  15 

Slight. 

Very  alight, 
white. 

0.20 

2.65 

1.02 

1.63 

.0004 

.0213 

.33 

.0000 

- 

992 

Oct.  10 

Oct.  20 

Slight. 

Slight. 

0.05 

2.50 

0.75 

1.75 

.0000 

.0250 

.28 

.0000 

- 

1184 

Nov.  14 

Nov.  16 

Slight. 

Sirt,  white. 

0.10 

2.45 

1.10 

1.35 

.0122 

.0228 

.32 

.0030 

1408 

Dec.  14 

Dec.  15 

Very  Blight. 

Sll*t,  white. 

0.00 

2.65 

0.85 

1.80 

.0191 

.0224 

7== 

.83 

.0040 
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Chemieal  Examination  of  Water  from  Buckmasler  Pond  in  Dedkam — Concluded. 


DATS  OF 

Appbabasck. 

Rbsidpb  ob 

EVAPOBATIOW. 

Ajcxowia. 

1 

KITBOOBV 

▲s 

1 

j 

|l 

f 

j 

1 

1 

i 

i 

1 

^ 

^ 

1 

1585 

1» 

Jan.  12 

SS. 

Jan.  13 

Slight. 

VerysUght. 

0.10 

2.80 

0.95 

1.85 

.0184 

.0285 

1 

'    .39 

.0090 

.0001 

1794 

Feb.  10 

Feb. 11 

VerysUght. 

VerysUght, 
white. 

0.10 

8.10 

1.20 

1.90 

.0228 

.0303 

.34 

.0100 

.0001 

20O7 

Mar.  13 

Mar.  15 

.Sll't»mllky. 

Slight. 

0.30 

2.55 

0.65 

1.90 

.0073 

.0228 

.26 

.0100 

.0006 

2302 

Apr.  12 

Apr.  13 

'  Decided. 

1 

VerysUght. 

0.15 

2.70 

1.00 

1.70 

.0087 

.0216 

.26 

.0080 

.0003 

23W 

May  10 

May  11 

Dtatinet. 

1 

Sirt,  white. 

0.20 

3.10 

1.00 

2.10 

.0022 

.0248 

.29 

.0050 

.0001 

2850 

June  25 

June  26 

Distinct. 

^:"?.s«'"' 

0.20 

2.80 

0.90 

1.70 

'.0006 

.0226 
.0192 

.28 

.0050 

.0000 

2778 

Jaly  16 1  Jaly  17  ' 

1 

SUght. 

VerysUght. 

0.10 

2.85 

0.85 

1.50 

.0000 

.0260 
.0214 

.29' 

1 

.0020 

.0001 

S146 

Sept.  10 

Sept. Ill  Blight. 

VerysUght. 

0.10 

2.30 

0.95 

1.85 

.0020 

.0258 
.0206 

.24 

.0030 

.0002 

3368 

Oct.  15 

Oct.  18'  SUght. 

1 

VerysUght. 
white. 

0.10 

2.46 

0.90 

1.55 

.0088 

.0206 
.0182 

.26 

.0060 

.0000 

3550 
87» 

Nov.  14 

IS 

Jan.    2 

Nov.  15 

89. 

Jan.    2 

SUght. 
VerygUght. 

Sirt,  white. 
VerysUght. 

0.10 
0.15 

2.65 
2.10 

1.10 
0.75 

1.55 
1.35 

.0030 
.0018 

.0220 
.0200 

.0158 
.0148 

.26 

1 

1 

.0070 
.0120 

.0000 
.0004 

8845 

Jan.  14 

Jan.  15 

VeryiUght. 

VerysUght. 

0.15 

2.S0 

0.65 

1.65 

.0028 

.0152 
.0142 

.30 

.0070 

.0004 

4012 

Feb.  12 

Feb.  13 

VerysUght. 

VerysUght, 
earthy. 

0.15 

2.90 

0.70 

t.to 

.0088 

.0250 
.0220 

.35 

.0120 

.0002 

4287 

Mar.  12 

Mar.  13 

Very  Blight. 

VerysUght. 

0.20 

2.60 

0.75 

1.85 

.0038 

.0162 
.0142 

.29 

.0120 

.0001 

4182 

Apr.   9 

Apr.  10 

VerysUght. 

VerysUght. 

0.10 

2.46 

0.60 

1.65 

.0006 

.0172 
.0150 

.30 

.0100 

.0000 

4021 

May    7 

May    8 

Slight. 

Slight. 

0.10 

1 

0.13' 

1 

2.20 

1.00 
1.01 

1.20 
1.73 

.0026 
.0055 

.0186 
.0164 

.0220 

.26 

.0050 
.0081 

.0002 

Av. 

2.74 

Hardness  in  May,  1888,  0.8.    Odor,  faintly  vegetable,  often  mouldy.  —  The  samples  were  collected 
from  the  pond.    The  pond  was  very  low  when  No.  1408  was  collected. 

Microscopical  Examination, 


18SS.                    I 

1889. 

Jane. 

July. 

Sept. 

Oct 

Nov. 

Jan. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

L  Blnegreen  AlgSB 

pr. 

0.0 

pr. 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  OtherAlgaa, 

0.1 

0.2 

1.8 

2.8 

0.0 

0.5 

0.0 

P^ 

0.7 

0.0 

0.4 

3.FoBgi. 

pr. 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms 

0.1 

0.5 

3.1 

1.5 

8.0 

0.5 

0.0 

0.5 

pr. 

pr. 

0.2 

Oroaps  and  principal  genera  of  organisms  observed :  1.  Cyan<iphyceaB.  2.  Palmellacefle,  Chloro- 
tocau;  Zooeporese;  Desmldiaceie ;  Diatomacea,  ^«<«r<on«^/a ;  Zygnemaceas;  VolvocinesB.  8.  Schlzo- 
myoetes.   4.  ProtOBoa,  Dlnobrifan,  Psridinium;  Spongiaria;  Rotifera;  Entomostraca.  , ,    C^OOQIc 
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[Dec. 


Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Norwood 

Water  Works, 

[ParU  per  100,000.] 


Datb  of 

Appbabakcs. 

EVAPOBATIOir. 

AXMOHIA. 

j 

HrrsoOBV 
Aa 

1 

j 

jl 

f 

\ 

1 

1 

1 

]i 

i 

1 

1^ 

1 

1 

126 

18 

June  16 

87. 

June  17 

Diatlnct. 

None. 

0.10 

2.80 

1.27 

1.53 

.0008 

.0148 

.83 

.0000 

_ 

356 

July  18 

July  19 

Very  alight. 

None. 

0.10 

2.55 

1.00 

1.55 

.0011 

.0196 

.29 

.0000 

- 

539 

Aug.  15 

Aug.  15 

Slight. 

None. 

0.20 

2.85 

1.02 

1.83 

.0012 

.0108 

.30 

.0000 

- 

993 

Oct.  19 

Oct.  20 

Slight. 

SU't,  white. 

0.05 

2.40 

0.85 

1.55 

.0000 

.0286 

.81 

.0000 

- 

1185 

Nov.  14 

Nov.  15 

SUght. 

SU*t,  white. 

0.05 

2.45 

1.00 

1.45 

.0056 

.0233 

.81 

.0030 

- 

1409 

Deo.  14 

Dec.  15 

SUght. 

8U%  white. 

0.00 

2.60 

0.85 

1.75 

.0144 

.0240 

.33 

.0040 

- 

1586 

18 

Jan.  12 

88. 

Jan.  13 

VeryaUght. 

VeryaUght. 

0.10 

2.60 

1.05 

1.56 

.0182 

.0210 

.35 

.0080 

.0001 

1795 

Feb.  10 

Feb.  11 

Very  alight. 

Very  Blight, 
whiter 

0.10 

8.10 

1.10 

2.00 

.0218 

.0274 

.34 

.0080 

.0001 

2008 

Mar.  13 

Mar.  15 

SUght. 

SUght. 

0.00 

2.40 

0.70 

1.70 

.0094 

.0204 

.29 

.0100 

.0001 

2203 

Apr.  12 

Apr.  13 

Distinct. 

VeryaUght. 

0.15 

2.55 

0.80 

1.75 

.0062 

.0214 

.29 

.0100 

.0004 

2400 

May  10 

May  11 

Diatlnct. 

VeryaUght. 

0.20 

2.85 

i.ao 

1.16 

.0028 

.0184 

.27 

.0080 

.0001 

3002 

Aug.  21 

Aug.  22 

VeryaUght. 

VeryaUght. 

0.10 

8.46 

1.2S 

2.20 

.0018 

.0208 
.0172 

.24 

.0000 

.0003 

Av. 



0.10 

2.60 

0.99 

1.61 

.0060 

.0212 

.30 

.0043 

.0002 

Hardneea  in  May,  1888, 1.1.    Odor,  faintly  vegetable,  often  mouldy. The  aamples  were  collected 

from  the  reservoir. 


Microscopical  Examination, 


1889. 


AprIL 


May. 


Aug. 


1.  Blae-green  Algoo; 

2.  Other  Algee, 

3.  Fungi, . 

4.  Animal  Forma,  . 


0.0 
pr. 
0.0 
pr. 


0.0 
pr. 
0.0 
pr. 


pr. 
0.6 
0.0 
pr. 


Groups  and  principal  genera  of  organiama  observed:    1.  CyanophycesB.    2.  PalmoUacee;  Zoo* 
spore»;  Deamidiaceas ;  Dlatomacess;  Zygnemacees.    4.  Protozoa;  Entomoatraca. 
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Chemical  ExaminaUon  of  Water  from  a  Faucet  in  Norwood,  supplied  from  the 

Norwood  Water  Works, 

(Tuta  per  100,000.] 


Datk  of 


A 


Appbabamci. 


I 


RiMIDUR  OK 
EVAPOKATIOir. 


SI 

5^ 


gl 


735 
86S7 


IS 

Sept.  12 


87. 
Sept.  13 


18 

Dec.  10  i  Deo.  11 


SUght. 
Very  •light. 


Very  slight, 
None. 


0.05 
0.05 


2.67 


2.85 


0.70 


1.05 


1.87 


1.80 


.0086 
.0042 


.0166 


.0172 
.0160 


.0100 
.0050 


.0008 


Odor,  none. The  Bamplee  wore  collected  from  a  faucet  in  the  village  of  Norwood. 

Microscopical  Examination, 

December,  1888.    1.  Bine-green  alg8B,  0.0;  2.  Other  algn,  0.5 ;   8.  Fnngl,  0.0;  4.  Animal  forma,  0.6. 
Gronpa  and  principal  genera  of  organlama  obsenred :    2.  Dlatomaeeas;  Deunldiaoen.    4.  Protozoa. 


Watek  Supply  of  Okange. — New  Home  Sewing  Machine 

Company. 

Description  of  Works.  —  Population  in  1885,  3,650.  The  works 
are  owned  by  the  New  Home  Sewing  Machine  Company,  and  were 
built  in  1873.  About  100  families  were  supplied  in  1887.  The 
source  of  supply  is  a  spring,  the  water  of  which  is  stored  in  two  very 
small  reservoirs.  The  larger  one  has  an  area  of  about  one-fourth  of 
an  acre  and  a  depth  of  8  feet.  Water  flows  from  this  into  the  smaller 
reservoir,  which  is  30  feet  square  and  12  feet  deep.  Water  is  dis- 
tributed by  gravity.  Distributing  mains  are  of  wrought  iron  lined 
with  cement.  Service  pipes  are  of  lead  and  wrought  iron.  In  dry 
•weather  this  supply  is  supplemented  by  pumping  from  Miller's  River 
with  a  pump  in  the  works  of  the  Sewing  Machine  Company. 


Chemical  Examirtaiion  of  Water  from  the  Spring  of  the  New  Home  Sewing 
Machine  Company,  Orange. 

[Parti  per  100,000.] 


DATS  OV 


APPSASASCS. 


RFRIDCK  ON 
UVAPOBATIOX. 


AXMONIA. 


use 


Nov.  14 


87. 

Nov.  15 


None. 


Veryalight 


3.10 


0.55 


2.55 


.0000 


.0075 


.0030 


Odor,  none.  — -  The  sample  waa  collected  from  a  faucet  in  the  village. 
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Wat&r  Supply  of  Palmer  Fire  District,  Palmer. — Palmer 

Water  Company. 
Description  of  Works. — Population  of  the  town  of  Palmer  in 
1885,  5,923.  The  works  are  owned  by  the  Palmer  Water  Company, 
and  were  completed  in  1886.  About  175  families  were  supplied  in 
1887.  The  source  of  supply  is  a  small  brook  in  Palmer,  on  which 
two  storage  reservoirs  are  built.  The  upper  one  is  the  larger  and 
has  an  area  of  about  four  acres.  Its  maximum  depth  is  15  feet  and 
its  capacity  is  6,000,000  gdllons.  The  lower  reservoir  is  a  very 
short  distance  below  the  upper  one,  and  is  smaller.  Its  area  is 
about  three-fourths  of  an  acre  and  its  capacity  about  2,000,000 
gallons  ;  its  general  depth  is  4  or  5  feet.  The  bottom  and  sides  of 
both  reservoirs  are  covered  with  sand.  The  drainage  area  is  steep 
and  consists  of  pasture  and  woodland.  Distributing  mains  are  of 
wrought  iron  lined  with  cement.     Service  pipes  are  of  lead. 

Chemical  Examination  of  Water  from  a  Faucet  in  Palmer^  supplied  from  the 
Works  of  the  Palmer  Water  Company. 

[Parti  per  100^.] 


Datk  of 

Appbaramgb. 

Kesiduk  on 
Evaporation. 

AaiMOKIA. 

j 

NiTSOOKH 
AS 

1 

c 

i 

f 

1 

j 

H 

1-^ 

1 

1 

< 

S 

S 

125 

Jane  16  Jane  17 

'X'.'"' 

Sli't.  brown. 

0.10 

4.30 

0.96 

8.85 

.0007 

.0068 

.13 

.0000 

- 

861 

Jaly  19  July  20 

Very  alight. 

None. 

0.10 

4.37 

0.82 

3.55 

.0005 

.0104 

.13 

.0000 

- 

659 

Aug.  16 'Aug.  17 

Very  slight. 

Veryellght. 

0.40 

4.37 

0.80 

3.57 

.0000 

.0005 

.11 

.0000 

750 

Sept.  13   Sept.  14 

SUght. 

None. 

0.05 

3.95 

0.70 

8.25 

.0013 

.0080 

.,3| 

.0030 

1188 

Nov.  14 1  Nov.  15 

1  Very  Blight. 

Very  slight. 

0.10 

8.85 

0.70 

3.15 

.0004 

.0064 

.15  1 

.0030 

- 

1413 

Deo.  15 

Deo.  16 

None. 

VeryeUght. 

0.30 

4.85 

0.75 

4.10 

.0004. 

.0076 

.16 

.0040 

.0000 

1608 

18  88. 
Jan.  16  JaQ.  17 

Very  alight. 

None. 

0.10 

3.45 

0.65 

2.90 

.0002 

.0030 

.10 

.0180 

.0000 

1832 

Feb.  14  Feb.  15 

1  Very  Blight. 

Slight. 

0.10 

8.20 

0.65 

2.55 

.0000 

.0044 

.12 

.0120 

.0000 

2050 

Mar.  19  Mar.  20 

;  Very  alight. 

None. 

0.20 

8.10 

0.80 

2.80 

.0007 

.0060 

.13 

.0080 

.0001 

2227 

Apr.  16 

Apr.  17 

VeryaUght. 

None. 

0.10 

2.85 

0.65 

2.30 

.0005 

.0006 

.12 

.0060 

.0001 

2479 

May  21 

May  22 

Dlatinot. 

Con.,  msty 
brown. 

0.50 

4.60 

1.25 

3.35 

.0000 

.0240 

.09 

1 

.0050 

.0000 

Av. 

0.19 

8.90 

0.73 

8.17 

.0004 

.0087 

.0054 

.0000 



Hardness  In  May,  18S8,  1.3.    Odor,  very  faint  or  none. The  samples  were  oollectcd  from  a 

faucet  In  the  village  of  Palmer.    Sample  No.  2470  was  collected  Jost  after  a  heavy  rain. 
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Microscopical  Examination, 


L  Blae-grecD  Algse, 

2.  Other  AlgsD. 

3.  Fongi, 

4.  Animal  Forms,  . 


1SS8. 


March. 


0.0 
pr. 
0.0 


pr. 


April. 


0.0 
pr. 
0.0 
pr. 


May. 


0.0 
pr. 
0.0 
0.0 


Groaps  and  principal  gcnora  of  organl«mfl  observed :    2.  DiatoDAaceas.    4.  Protozoa. 


Water  Supply  of  Peabody. 

Description  of  Works.  —  Population  in  1885,  9,530.  The  works 
are  owned  by  the  town.  Water  was  first  introduced  in  1799  by  the 
Salem  and  Dan  vers  Aqueduct  Company,  the  supply  at  first  being 
taken  from  springs  and  afterwards  from  Spring  and  Brown's  ponds, 
which  arc  the  present  sources.  The  town  of  Peabody  purchased  the 
works  in  1873.  The  average  daily  consumption  from  the  high- 
service  works  in  1888  was  about  688,000  gallons;  that  from  the 
low-service  works  was  about  300,000  gallons. 

Brown's  Pond  is  located  in  Peabody.  Spring  Pond  is  in  Pea- 
body and  Salem.  Both  ponds  are  natural,  and  have  sand  or  gravel 
bottoms.  The  combined  watersheds  of  the  ponds  have  an  area  of 
about  550  acres,  as  estimated  from  the  new  topographical  map  of 
Massachusetts,  and  consist  of  woodland  with  a  little  cultivated  land. 
The  region  is  hilly,  and  contains  but  few  inhabitants.  Water  flows 
from  the  ponds  into  two  small  basins  or  reservoirs,  from  the  lower 
one  of  which  the  supply  for  the  town  is  drawn.  The  town  was 
formerly  supplied  entirely  by  gravity,  but  the  larger  portion  is  now 
supplied  by  pumping.  Water  is  forced  by  the  pumps  to  an  iron 
tank,  open  at  the  top,  60  feet  in  diameter  and  25  feet  in  height. 
Distributing  mains  are  of  wrought  iron  lined  with  cement.  Service 
pipes  are  of  lead.  There  has  been  at  times  a  bad  taste  and  odor  in 
the  water  supplied  to  consumers. 
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Chemicai  Examination  of  Water  from  Brown's  Pond,  Peabody. 

[PWU  per  100,000.] 


Datc  of 

Appbabakcb. 

Rksiduk  oir 

EVAI'OBATIOir. 

AXMOHtA. 

1 

NiTHOonr 

1        ^» 

» 

t 

«*" 

^ 

1 
1 

i 

6 

I 

§1 

1 

1 

il 

K 

s 

164 
884 
000 

18 

June  21 

Jnly  21 
Aug.  22 

87. 
June  22 

July  22 

Aug.  23 

SUght. 
Slight. 
Very  slight. 

i 

0.20 
0.00 
0.80 

8.27 
2.87 
2.85 

1.47 
0.72 
0.97 

1.80. 

2.15* 

1 
1.88 

1 

.0000 
.0000 
.0002 

.0128 
.0210 
.0109 

.47 
.48 
.40 

.0000 
!.0040 
'.0000 

- 

At. 

0.17 

3.00 

1.05 

.«; 

.0001 

.0100 

.45 

• 

Odor,  none  or  faintly  vegetable.— ~  The  samples  were  collected  from  the  pond  near  the  outlet. 

Chemical  Examination  of  Water  from  Spring  Pond,  Peabody, 

[Parts  per  100,000.] 


I>ATK  OF 

£VAPUBATION. 

Ammokia. 

1 

NITBOOKV 

& 

} 

■  f 

1 

H 

cl 

OS 

1-^ 

1 

1 

< 

i  s 

s 

183 
883 

eoi 

18 

June  21 

July  21 
Aug.  22 

87. 

June  22 

July  22 
Aug.  23 

1 

,  Very  slight. 
i 
Very  slight. 

Very  slight. 

None. 
Very  slight. 
None. 

0.0 
0.0 
0.0 

4.22 
3.85 

8.67 

1 

1.40 
0.60 
0.60 

2.82 
3.25 
3.07 

.0000 
.0001 
.0008 

.0090 
.0110 
.0183 

.65 
.67 
.57 

.63 

.0000 
.0000 
.0000 

- 

Av. 

0.0 

8.91 

0.87 

8.04 

.0001 

.0111 

.0000 

1 

1 

Odor,  none  or  faintly  vegetable. The  samples  were  collected  from  the  pond  near  the  outlet. 


Chemical  Examination  of  Water  from  the  Lower  Basin,  Peabody  Water  Works, 

[Parts  per  100,000.] 


Date  of 

Appbaraxcb. 

Rksidck  on 

EVAPORATIOSr. 

AmcoyiA. 

i 

NlTROOSa 
AS 

1 

1 

al 

TurUdlty. 

1 

1 

^ 

§1 

h 

1 

1 

'  1 

i 

165 

18 

June  21 

87. 

June  22 

i 
VerysUght. 

None. 

0.00 

4.87 

1.40 

2.97 

.0014 

.0133 

.61 

^ 

_ 

882 

Jnly  21 

July  22 

Very  slight. 

None. 

0.00 ' 

4.52 

0.80 

8.72 

.0010 

.0135 

1 

.68 

.0330 

- 

602 

Aug.  22 

Aug.  23 

VerysUght. 

None. 

0.05  < 

4.40 

0.72 

3.68 

.0002 

.0009 

.57 

.0330 

- 

819 

Sept.  20 

Sept.  21 

'None. 

None. 

0.00 

4.55 

0.65 

3.90' 

.0000 

.0120 1 

.61 

.0390 

- 

994 

Oct.  20 

Oct.  20 

VerysUght. 

VerysUght. 

0.00 

4.60 

0.50 

4.00 

.0002 

.00861 

.63 

.0390 

- 

1200 

Not.  16 

Not.  16 

VerysUght. 

None. 

0.00 

4.35 

1.15 

.0006 

.0082' 

.60 

1.0090 

- 

1436 

Dec.  19 

Dec.  19 

Distinct. 

VerysUght. 

0.00  j 

4.80 

1.80 

3.60 ! 

1 

.0004 

.0088 

•     1 

.65 

.0450 

- 
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Chemical  Examination  of  Water  from  the  Lower  Basin,  Peabody  Water 
Works —  Concluded. 


1612 
1821 
2058 
2236 
2430 

Av. 


Date  ov 


J 


IS 

Jan.  17 

Feb.  14 
Mar.  20 
Apr.  17 
May  15 


Jan.  17 
Feb.  15 
Mar.  21 
Apr.  18 
May  10 


Appkabavcb. 


Slight. 

VerysUght. 

Veryaligfat, 

Distinct. 

Distinct. 


None. 

None. 

VerysUght. 

VerysUght, 

Slight. 


0.00 
0.00 
0.10 
0.05 
0.10 


0.03 


RSSIOCB  OK 

Evaporation. 


4.85 
4.70 
4.10 
3.65 
8.45 


4.35 


0.85 
0.00 
0.60 
0.80 
0.30 


0.88 


4.00 
8.80 
8.50 
2.85 
8.15 


8.52 


0000  .0076 


.0002 
.0000 
.0004 
.0018 


.0076 
.0008 
.0132 
.0150 


.0005  .0106   .61  .0310  .0002 


NlTBOGm 


.0420 
.0400 
.0290 
.0150 


.0002 
.0001 
.0002 

.0008 
.0001 


Hardness  in  May,  1888,  1.8.    Odor,  faintly  vegetable  or  mouldy.— —The  samples  were  collected 
from  a  fancet  at  the  pumping  station. 


Microscopical  Examination, 


1SS8. 


March. 


April. 


May. 


1.  Bhie-grpen  Algss, 

2.  Other  Algas,      . 

3.  Fnngi, 

4.  Animal  Forms, 


0.0 
pr. 
0.0 


pr. 


0.0 
pr. 
0.0 
pr. 


0.0 
pr. 
0.0 
pr. 


Groapsand  principal  genera  of  organisms  observed :    2.  PalmellacosB ;  DlatomaoesB.    4.  Protozoa; 
Botifera. 


Phillipston. 
Chemical  Examination  of  Water  from  Phillipston  Pond,  in  Phillipston. 

[Paris  per  100,000.] 


Datb  op 

Appkarascb. 

Rraidur  on 

EVAl'UKATION. 

Ammonia. 

i 

XlTBOOBN 
AS 

'A 

1 

8S 

f 

1 

o 

i 

i 

1 

i 

i 

< 

s 

1 

i 

800 
1254 

19 

Oct.    5 

Nov.  25 

87. 

Oct.     6 

Nov.  26 

VerysUght. 
VerysUght. 

SU't.  white. 
VerysUght. 

0.1 
0.1 

2.03 
2.45 

0.82 
0.05 

1.21 
1.50 

.0000 
.0008 

.0188 
.0163 

.12 
.14 

.0020 
.0020 

- 

Odor,  faintly  vegetable. Sample  No.  800  was  coUected  from  near  the  middle  of  the  pond  aboat 

6  inches  beneath  the  surface.    Sample  No.  1254  was  collected  from  the  pond  at  Its  outlet. 
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Water  Supply  of  Pittsfield  Fire  District,  Pittsfield. 

Description  of  Works.  —  Population  of  the  town  of  Pittsfield  in 
1885,  14,466.  The  works  are  owned  by  the  Fire  District,  and  were 
built  in  1855.  About  10,000  people  were  supplied  in  1887.  The 
sources  of  supply  are  Sackett  and  Ashley  brooks,  on  each  of  which 
a  small  reser\'^oir  is  built,  and  Ashley  Lake,  situated  near  the  head  of 
Ashley  Brook.  Ashley  Lake  is  a  natural  pond,  but  its  area  and  stor- 
age capacity  have  been  increased  by  a  dam  at  the  outlet.  Its  present 
area  is  80  acres.  The  watershed  of  the  lake  is  small  in  comparison 
with  the  storage  capacity,  so  that  if  the  lake  is  drawn  down  to  low- 
water  mark  in  the  fall  or  winter  it  may  not  always  fill  in  the  spring. 
Water  flows  from  Ashley  Lake  to  Ashley  Reservoir  in  the  natural 
channel  of  a  brook,  and  falls  800  feet  in  the  total  distance,  which  is 
about  2 J  miles.  The  main  pipes  leading  to  the  town  start  from 
Ashley  Reservoir,  and  a  pipe  from  Sackett  Reservoir,  which  is  at  a 
somewhat  greater  elevation,  is  connected  with  these  mains.  The 
area  of  the  watershed  of  Ashley  Reservoir  is  2.82  square  miles ; 
that  of  Sackett  Reservoir  is  2.57  square  miles,  making  the  total 
watershed  now  supplying  Pittsfield  5.39  square  miles.  These  areas 
were  estimated  from  the  new  topographical  map  of  Massachusetts. 
The  watersheds  are  mountainous  and  uninhabited.  The  main  pipes 
were  originally  of  wrought  iron  lined  with  cement,  but  for  several 
years  cast  iron  has  been  used  for  extensions  and  renewals. 

Chemical  ExamincUion  of  Water  from  Ashley  Lake,  Pittsfield  Water  Works, 

[Parte  per  100,000.] 


Datk  ov 

Appkabanob. 

RB8IDUS  Olf 
EVAPORATIOH. 

Ammonia. 

1 

NiTROGBir 

Aa 

i 

1 

f 

1 

1 

1 

4 

a 

1 

ll 

< 

55 

• 

60 

18 

Juno   6 

87. 
June   8 

Slight. 

Conaid'hle. 

0.20 

3.40 

1.40 

2.00 

.0046 

.0182 

.07 

.0030 

_ 

289 

July    7 

July    0 

Slight. 

Veryalight. 

0.40 

8.52 

1.30 

2.22 

.0010 

.0177 

.07 

.0000 

691 

Aug.  21 

Aug.  23 

Very  alight. 

None. 

0.40 

4.10 

1.35 

2.75 

.0013 

.0190 

.16 

.0080 

685 

Sept.  6 

Sept.   6, 

Very  alight. 

Veryalight. 

0.40 

8.82 

1.60 

2.02 

.0002 

.0202 

.05 

.0070 

- 

1100 

Nov.  2 

Nov.   4 

1 

Veryalight. 

Slight. 

0.40 

3.60 

1.45 

2.15 

.0022 

.0282 

.08 

.0050 

- 

1888 

Dec.    6 

Dec.    7 

Slight. 

Slight. 

0.45 

8.35 

1.35 

2.00 

!.0055 

.0183 

.08 

.0020 

- 

2354 

IS 

May    3 

88. 
May    4 

Slight. 

Veryalight. 

0.10 

2.00 

1.10 

0.90 

.0036 

.0112 

! 
.06 

.08 

.0080 

.0001 

Av. 

0.34 

3.37 

1.86 

2.01 

.0026 

1 

.0191 

.0040 

Hardneaa  in  May,  1888, 0.3.    Odor,  faintly  vegetable. The  aamplca  were  collected  from  the  lake. 

There  were  heavy  rains  jaat  previous  to  the  collection  of  Noa.  601  and  1338.    No  water  was  drawn  from 
the  lake  for  uae  in  the  town  during  the  anmmer  of  1887,  and  the  lake  remained  fnll  moat  of  the  time. 
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Microscopical  Examination, 

llay.lSSS.    1.  Bloe-gre6nalg»,0.0;  2.  Other  alge,  pr. ;  3.  Fungi,  0.0 ;   4.  Animal  forms,  pr. 
Oroapa  and  principal  genora  of  orgaaiams  observed :    2.  Palmeliacea;  Diatomaeen.    4.  Protozoa. 


Chemical  Examination  of  Water  from  Ashley  Reservoir ^  PUtsfield  Water  Works, 

[Parts  per  100,000.] 


s 


Wl    Aug.  21 

1340    Dec.    6 

I 

I  18 

S355;Ma7    3 


18  87. 

Aug.  23 


Av. 


Dec. 


May    4 


Appbabahck. 


None. 
Very  slight. 

Verysllght. 


Veryellght. 
Very  slight. 

VerysHght. 


0.30 
0.10 

0.15 


0.18 


Residcb  on 
evapokation. 


6.92 
0.50 

4.20 


5.87 


8& 


0.97 
1.25 

0.90 


1.04 


6.95 
5.25 

8.80 


Ammoxia. 


.0000 
.0011 

.0004 

.0005 


.0120 
.0101 

.0194 


NiTROOBH 
AS 


.0070 
.0100 

.0100 


Hardnesa  in  May,  1888,  3.2.    Odor,  faintly  vegetable. Samples  numbered  1340  and  2355  were  col- 
lected from  the  reservoir.    Sample  No.  502  was  collected  from  a  faucet  supplied  from  thtf  reservoir. 

Microscopical  Examination, 

May,  1888.    1.  Blue-green  algas,  0.0;   2.  Other  algse,  pr. ;   3.  Fungi,  0.0;   4.  Animal  forms,  0.0. 
Groups  and  principal  genera  of  organisms  observed :    2.  Dlatomaceas. 


Chemical  Examination  of  Water  from  Sackett  Reservoir ^  Pittsfield  Water  Works, 

[Parts  per  100.000.] 


DAT*  OF 

Appbabakcb. 

Bbsidur  ok 

EVAPORATIOK. 

Ammovia. 

1 

NITKOOEN 
AS 

1 

1 

ii 

f 

1 

ll 

1 

§1 

1'- 

i 

1 

a1 

S 

S 

45 

18  87. 

June    6  June 

1 

VerysHght. 

Con.,  rusty. 

0.00 

7.57 

1.80 

5.77 

.0005 

.0093 

.07 

.0130 

. 

684 

Sept.  6  Sept. 

VerysHght. 

VerysHght. 

0.00 

6.80 

0.45 

6.35 

.0010 

.0048 

.08 

.0130 

- 

901 

Oct.     7  1  Oct. 

1 

None. 

VerysHght. 

0.20 

7.80 

1.00 

6.80 

.0003 

.0082 

.06 

.0090 

- 

1101 

Nov.   2. Nov. 

1 

1 

None. 

VerysHght. 

0.00 

6.70 

1.00 

5.70 

.0000 

.0028 

.09 

.0100 

- 

1339 
2S56 

Dec.    5 

18 

May    3 

Dec. 

88. 

May 

^1 
1 

Slight. 
None. 

SH*t,  earthy 
and  floc't. 

None. 

0.80 

0.15 

1 

5.90 
4.75 

1.10 
0.95 

4.80 
3.80 

.0019 
.0000 

.0144 
.0066 

.10 
.07 
.08 

.0120 
.0100 
.0112 

.0000 

Av. 

0.11 

6.59'  1  "-'^ 

6.54 

.0006 

.0077 

Hardness  in  May,  1888,3.2.    Odor,  very  fhint  or  none. Samples  numbered  684,  1101,  and  1339 

vera  collected  from  Sackett  Beservolr.    Samples  numbered  46, 904  and  2356  were  collected  from  a  faucet 
in  the  town. 

Microscopical  Examination, 

May,  1888.    1.  Blae-greenalgn,  0.0;  2.  Other  algss,  pr. ;   8.  Fungi,  0  0;  4.  Animal  forms,  0.0. 
Oroaps  and  principal  genera  of  organisms  observed :    2.  Diatomacees. 
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Chemical  Examination  of  Water  from  a  Faucet,  supplied  from  Sackett  and  Ashley 
Reservoirs,  Fittsjield  Water  Works, 

[Pirts  per  100,000.] 


Datk  ov 


Appbaravcb. 


BlfllDra  OH 

Evaporation. 


MlTBOOKT 
A8 


250 
1102 


18  87. 

July    5  July    6 

Nov.  2   Nov.  4 


None. 
None. 


Slight. 
None. 


0.05 
0.00 


0.25 
0.80 


1.80 
1.00 


4.05 
6.80 


,0008 
,0000 


.0070 
.0024 


.12    .0070 
.07    .0120 


Odor,  none. The  samples  were  collected  from  «  faacet  in  the  village,  sometimes  snppUed  from 

Sackett  Ueeervoir,  aomelimee  from  Ashley  Reservoir,  and  sometimes  from  both. 


Chemical  Examination  of  Water  from  Lake  Onota,  Pittsjield, 

[Parts  per  100,000.] 


Dat3  or 


4 


Appbarancb. 


Rksidub  om 
Evaporation. 


Ammonu. 


NiTBOGBX 


18 

8115    Sept.  7 


88. 
Sept.  8 


Very  slight. 


Very  slight. 


0.0 


6.60 


1.45 


5.16 


.0000 


.0168 
.0110 


.0080 


Odor,  none.— ^ The  sample  was  collected  from  the  east  side  of  the  lake. 


Chemical  Examination  of  Water  from  Pontoosuc  Lake,  Pittsjield, 

[Parts  per  100,000.] 


Datb  or 

Appbarancb. 

Rbsidcb  on 
Evaporation. 

ammonia. 

S 

NiTROOBN 
AS 

1 

1 

\i 

f 

«i 

1 

1 

1 

1 

< 

i 
1 

1 

8123 

18 

Sept.  7 

88. 

Sept.  8 

Very  slight. 

Veryslight. 

0.0 

7.80 

0.80 

7.10 

.0008 

.0128 
.01« 

.04 

.0000 

.0000 

Odor,  none.— >- The  sample  was  oolleeted  from  the  lakt  at  the  outlaU 
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Chemical  Examination  of  Water 

fTom 

I  Silver  Lake,  PiUsfield. 

[P*Tti  per  100,000.3 

Datk  or 

APFKAIUIICB. 

Rbsiduk  on 

EVAPOBATION. 

Ammoxia. 

1 

MlTROOU 
AS 

1 

1 

|l 

1 

1 

1 

1 

1^^ 

1 

1 

i^ 

"< 

. 

S 

..w 

8M   Sot.  18. 

Nov.  14 

DIniDct, 

Con.,e*rthy. 

0.06 

.0024 

.0400 

.37 

.1600 

.0007 

mtlky. 

23.tS 

4.90 

18.36 

.0440 

19 

S9. 

1 

4015  Feb.  12 

Feb.  13 

VeryaUght. 

VeryaUght. 

0.05 

1 

16.85 

t.70 

14.15 

.0142 

.01241 
.0074 

.46 

.1100 

.0016 

4016  Feb.  12 

Feb.  13 

Very  Blight. 

Very  slight. 

0.05 

17.« 

2.80 

14.95 

.0124 

.0146 ' 
.0066 

.44 

.1400 

.0017 

Odor,  faintly  vegetable. Samples  nambered  4015  and  4016  were  collected  from  opposite  sides  of 

the  lake.    Sample  No.  8540  wm  oulleoted  from  the  inlet  to  the  lake. 


Water  Supply  of  Plymouth. 

Description  of  Works*  — Population  in  1885,  7,239.  The  works 
are  owned  by  the  town.  Water  was  introduced  in  1855.  The  aver- 
age daily  consumption  in  1887  was  588,500  gallons.  The  sources 
of  supply  are  Great  South,  Little  South  and  Boot  ponds,  located 
south  of  the  village.  The  ponds  are  in  a  line  running  north  and 
south  ;  Little  South  Pond  is  nearest  the  village,  and  is  distant  from 
it  about  2  J  miles ;  Boot  Pond  is  farthest  from  the  village,  and  is 
distant  from  it  about  4^  miles.  Water  from  Boot  Pond  flows  into 
Great  South  Pond,  and  thence  into  Little  South  Pond :  the  latter 
ponds  are  kept  at  the  same  level  by  a  culvert  4  feet  wide  and  2  feet 
high  which  connects  them.  Lout  Pond,  located  about  half  way 
between  Little  South  Pond  and  the  village  of  Plymouth,  is  drawn 
from  in  emergencies.  All  the  ponds  are  natural,  and  have  sandy 
bottoms.  Great  South  Pond  is  the  deepest.  The  areas  of  the  ponds 
are  as  follows  :  Great  South  Pond,  275  acres ;  Little  South  Pond, 
125  acres  ;  Lout  Pond,  60  acres ;  Boot  Pond,  40  acres.  The  water- 
sheds of  the  ponds  are  hilly  and  well  wooded,  and  the  soil  is  sandy. 

Water  is  drawn  from  Little  South  Pond  into  a  well  located  near 
the  shore  of  the  pond,  and  thence  is  conveyed  to  a  pumping  station 
near  Lout  Pond  through  cement-lined  wrought  iron  pipes.  One 
pipe  is  10  inches  and  the  other  16  inches  in  diameter.  The  main 
portion  of  the  town  is  supplied  by  gravity,  from  the  larger  pipe,  in 
connection  with  the  old  distributing  reservoir  located  west  of  the 
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village.  The  area  of  the  reservoir  is  one-half  an  acre,  its  capacity 
is  1,600,000  gallons,  and  its  depth  at  high  water  is  18  feet.  The 
bottom  is  of  clay,  and  the  slopes  are  paved. 

Pumps  are  used  in  connection  with  the  new  distributing  reservoir 
to  supply  the  high-service  district.  The  new  reservoir  is  circular 
in  shape,  and  has  an  area  of  one-half  an  acre.  Its  depth  at 
high  water  is  15  feet,  and  its  capacity  is  1,370,000  gallons.  The 
bottom  is  covered  with  a  layer  of  concrete  five  inches  in  thickness. 
The  lower  portion  of  the  slope  is  covered  with  concrete,  and  the 
upper  portion  is  paved.  The  reservoir  is  located  about  600  feet 
from  the  pumping  station  on  a  branch  from  the  main  which  leads  to 
the  town,  and  receives  the  surplus  water  while  pumping.  At  the 
pumping  station  a  branch  from  the  larger  main  from  South  Pond 
runs  to  Lout  Pond,  and  water  may  be  diverted  into  Lout  Pond 
when  desired.  The  distributing  mains  and  nearly  all  the  service 
pipes  are  of  wrought  iron  lined  with  cement. 


Chemical  Examination  of  Water  from  Great  South  Pond,  Plymouth, 

[Parts  per  100,000.] 


Date  op 

Appbarancb. 

Rrsidub  ok 
Evaporation. 

AUICOKIA. 

i 

NlTROGBS 
A8 

1 

1 
1 

.1 

H 

■M 

1 

1 

ii 

i 

i 

< 

1 

S 

W 

222 

June  29  June  30 

VeryiUght. 

None. 

0.0 

2.50 

0.40 

2.10 

.0009  .0117 

.58 

.0000 

« 

436 

July  28  July  29 

Very  Blight. 

Very  slight. 

0.0 

2.67 

0.12 

2.55 

.0000 1. 0080 

.67 

.0000 

- 

845 

Sept.  22   Sept.  23 

Very  slight. 

Slight. 

0.0 

2.90 

0.60 

2.30 

.0005 '.0151 

.62 

.0000 

- 

1065 

Oct.  26 

Oct.  27 

Very  Blight. 

Slight. 

0.0 

8.00 

0.95 

2.05 

.0010 '.0178 

.65 

,0020 

- 

1278 

Nov.  29 

Nov.  80 

Diitlnot. 

Slight. 

0.0 

2.50 

0.65 

1.85 

.0000  .0130 

.63 

.0020 

- 

1914 

1888. 
Feb.  28   Feb.  29 

Very  Blight. 

VerysUght. 

0.0 

1.85 

0.30 

1.55 

.0008  .0074 

.46 

.0010 

.0000 

2313 

Apr.  26   Apr.  27 

Very  slight. 

None. 

0.0 

2.80 

0.60 

2.20 

.0000  .0120 

.59 

.0050 

.0000 

2526 

May  28 

May  29 

Very  slight. 

None. 

0.0 

2.55 

0.65 

1.90 

.0000  .0068 

.58 

.0020 

.0000 

Av. 

0.0 

2.60 

0.53 

2.07 

.0004  -All? 

.60 

.0015 '.0000 

1 

Hardness  in  May,  1888,  0.5.    Odor,  none  or  faintly  vegetable. The  samples  were  collected  from 

the  pond  at  the  outlet  near  the  surface. 

Microscopical  Examination, 

April,  1888.    1.  Blue-green  alga.pr.;  2.  Other  aign,  pr.;  8.  Fungi,  0.0;   4.  Animal  forms,  pr. 
May,  1888.    1.  Blue-green  alg»,  0.0;   2.  Other  algae,  pr.;   8.  Fungi,  0.0;   4.  Animal  forma,  0.0. 
Groups  and  principal  genera  of  organisms  observed :    1.  Cyanophycen.    2.  Dlatomaceas.    4.  Proto- 
Boa;  Entomostraca. 
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Chemical  Examination  of  Water  from  Little  South  Pond,  Plymouth. 

[Parti  per  100,000.] 


Datb  ov 

Appxasavck.' 

RaSIDUK  ON 
EVAPOKATION. 

j 

NiTBOQKW 

▲S 

1 

1 
1 

|! 

H 

1 

1 

1 

1 

|1 

1 

1^ 

i 

^} 

1 

s 

221 

18  87. 

Jane  29  June  30 

Slight. 

None. 

0.00 

2.68 

0.52 

2.16 

.0006 

.0141 

.60 

.0000 

„ 

435 

July  2S   July  29 

Very  Blight. 

Very  slight. 

0.10 

2.87 

0.60 

2.27 

.0007 

.0111 

«.6S 

.0000 

- 

846 

Sept.  22 

Sept.  23 

Slight. 

Very  slight, 

0.00 

2.95 

0.50 

2.45 

.0006 

.0179 

.66 

.0000 

- 

1057 

Oct.  26 

Oct.  27 

Very  slight. 

Sli't,  white. 

0.00 

2.75 

0.55 

2.20 

.0000 

.0143 

.60 

.0020 

- 

1279 

Nov.  29 

Xov.  30 

DisUnct. 

SU't,  white. 

0.00 

2.75 

0.80 

1.95 

.0000 

.0172 

.65 

.0000 

- 

1915 

IM 

Feb.  2« 

88. 
Feb.  29 

Slight. 

None. 

0.00 

2.35 

0.70 

1.65 

.0002 

.0130 

.61 

.0060 

.0000 

2314   Apr.  26 

Apr.  27 

Slight. 

None. 

0.00 

2.50 

0.35 

2.16 

.0004 

.0144 

.59 

.0000 

.0000 

2d25 

May  28   May  29 

Blight. 

^^■sjer'- 

0.00 

2.30 

0.55 

1.75 

.0000 
.0003 

.0132 
.0144 

.56 
.62 

.0010 

.0001 

Av 

0.00 

2.64 

0.67 

2.07 

.0011 

Hardness  in  May,  1888, 0.2.    Odor,  faintly  vegetable. The  samples  were  collected  from  the  pond 

at  the  outlet  near  the  surface. 

Microscopical  Examination, 

April,  May,  1888.    1.  Blue.green  algas,  0.0 ;  2.  Other  algsB,  pr. ;  8.  Fungi,  0.0;  4.  Animal  forms,  0.0. 
Groups  and  principal  genera  of  organisms  observed :    2.  ZoosporesB ;  Diatomacen. 


Chemical  Examinaiion  of  Water  from  Lout  Pond^  Plymouth, 

[Parts  per  100,000.] 


Date  of 

KSSIDDB  ON 

Evaporation. 

AaiicoHiA. 

y 

'  NiTSOOBN 
AS 

s 

3 

il 

6 

«j 

1 

I 

§1 

1 

1 

A 

< 

K 

1 

18  87. 
220  Jane  29  June  30 

Slight. 

None. 

0.30 

2.67 

0.80 

1.87 

.0002 

.0113 

.63 

.0060 

_ 

437    July  2S 

July  29 

Verysllgljt. 

VerysUght. 

0.40 

3.02 

0.45 

2.57 

.0000 

.0118 

.65 

.0000 

- 

847    Sept.  22 

Sept.  23 

VerysUght. 

VerysUght, 
white. 

0.30 

3.00 

0.75 

2.25 

.0002 

.0201 

.65 

.0020 

- 

1056  1  Oct.  26 

Oct.  27 

Slight. 

SUght. 

0.20 

2.75 

0.70 

2.05 

.0004 

.0168 

.65 

.0000 

- 

1280 

,  Kov.  29 

Nov.  30 

Distinct. 

SUght. 

0.20 

2.55 

0.60 

1.95 

.0004 

.0196 

.69 

.0070 

- 

2312 

Apr.  46 

88. 
Apr.  27 

Slight. 

VerysUght, 
white. 

0.30 

2.85 

0.75 

2.10 

.0000 

.0167 

.65 

! 

.0020 

.0001 

2527  1  May  28 

May  29 

BUght. 

SU't,earthy. 

0.20 

2.60 

0.70 

1.90 

.0002 

.0140 

.63 

.0030 

.0000 

Av. 

0.27 

2.78 

0.68 

2.10 

.0002 

.0166 

.65 

.0029 

Hardness  in  May,  1888, 0.6.    Odor,  faintly  vegetable. The  samples  were  coUected  from  the  pond 

iiear  the  ice  honsee,  from  8  to  5  feet  beneath  the  surface. 
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Microscopical  ExamincUion. 

ApriU1888.  1.  Bine-green  algae,  0.0;  2.  Other  algae,  pr. ;  3.  Fungi,  0.0;  4.  Animal  forms,  pr. 
May,  1888.  1.  Blue-green  algie,  0.0;  2.  Other  algee,  pr.;  3.  Fungi,  0.0;  4.  Animal  forms,  0.0. 
Groups  and  principal  genera  of  organisms  observed :    2.  Diatomaeeae.    4.  Protozoa. 

Pro  viNCETO  WN . 
The  analyses  given  below  were  made  at  a  time  when  investiga- 
tions were  in  progress  with  reference  to  a  public  water  supply  for 
Provincetown. 

Chemical  ExamincUion  of  Water  from  Clapp^s  and  Shank  Painter  Ponds^ 

Provincetown. 

[Parts  per  100,000.] 


Date  of 

AFPBARAKCa. 

Rbsidub  ox 

EVATOaATIOX. 

Ammonia. 

1  NrrsoGsv 

1            AS 

1 

1 

H 

1 

1 

r 

§1 

1 

1 

il 

Chlorine. 

2 

4073 

18 

Feb.  20 

... 

Feb.  21 

Distinct. 

SUght. 

1 
1.5; 

1 

8.15 

2.95 

5.20 

.0042 

.0882 
.0836 

2.30  1.0030 
2.42  L002O 

1     \ 

.0003 

4074 

Feb.  20 

Feb.  21 

SUghU 

Consld'ble. 

0.6 

t 

8.35 

2,75 

5.80 

.0014 

.0414 
.0314 

.oooa 

Hardness  of  No.  4073,  8.4;  of  No.  4074,  2.7.  Odor  of  No.  4073,  faintly  vegetable;  of  No.  4074,  dis. 
tinctly  vegetable.  Sample  No.  4073  was  collected  from  Olapp's  Pond.  Sample  No.  4074  was  collecte<i 
from  Shank  Painter  Pond. 

Microscopical  Examination, 

No.  4078.  1.  Bine-green  algae,  0.0;  2.  Other  algae,  0.0;  8.  Fungi,  0.0;  4.  Animal  forms,  pr. 
No.  4074.  1.  Bine-green  algae,  0.0;  2.  Other  algsa,  pr. ;  3.  Fungi,  0.0;  4.  Animal  forms,  pr. 
Groups  and  principal  genera  of  organisms  observed :    2.  Diatomaceae.    4.  J^rotozoa. 


Chemical  Examination  of  Water  from  Tubular  Wells  at  Provincetown, 

[Parts  per  100,000.] 


Datb  of 

Afpkaraucb. 

Kbsiddk  om 
Evaporation. 

Ammonia. 

1 

NiTROOBX 
AS 

1 

1 

& 

H 

«i 

1 

t 

§1 

1 

1 

S 

i 

i 

4075 

18 

Feb.  20 

89. 

Feb.  21 

None. 

Slight. 

0.20 

4.75 

- 

- 

.0002 

.0094 
.0072 

1.22 

1 

J. 0080 

.0OQ2 

4309 

Mar.  15 

Mar.  16 

Sli't,milky. 

Slight. 

0.20 

5.50 

- 

- 

.0000 

.0052 
.0050 

1.68 

.0040 

.0002 

4310 

Mar.  15 

Mar.  16 

Sli»t,milky. 

Consid'ble. 

0.20 

8.10 

- 

- 

.0106 

.0090 
.0074 

1.74 

.0060 

.0002 

4311 

Mar.  16 

Mar.  16 

Very  slight. 

Very  slight. 

0.06 

20.46 

- 

- 

.0000 

.0146 
.0184 

4.11 

.0010 

4405 

Mar.  26 

Mar.  27 

SUght. 

Consld*ble. 

2.80 

8.65 

- 

- 

.0614 

.0244 
.0188 

2.60 

.0000 

.0001 

4406 

Mar.  26 

Mar.  27 

None. 

None. 

3.30 

8.46 

- 

.0246 

.0230 
.0216 

1.60 

|.00«, 

.ooox 

-4^ 

o 
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HardneM  of  4075, 1.7;  of  4309, 1.8;  of  4310, 1.6;  of  4311,  4.2.    Some  of  thene  waters  when  received  at 
the  laboratory  had  a  distinct  odor  of  sulphuretted  or  oarburetted  hydrogen.    When  first  drawn  from  the 

groand  the  odor  was  very  strong. Samples  4075  and  4405  were  collected  from  a  tubular  well  near 

High  Pole  Hill.  Ko.  4075  was  drawn  from  22  feet  below  the  level  of  the  ground  and  6  feet  below  the 
water  table.  Ko.  4405  was  drawn  from  44  feet  beneath  the  surface  of  the  ground  and  28  feet  below 
the  water  table.  No.  4309  was  collected  from  a  tubular  well  near  the  southerly  shore  of  Clapp's  Pond. 
Water  was  drawn  from  about  14  feet  beneath  the  surface  of  the  ground.  2^0.4310  was  also  from  a  tubular 
well  near  the  southerly  shore  of  Clapp*s  Pond.  Water  was  drawn  from  a  depth  of  22  feet  below  the 
•arfaee.  Ko.  4311  was  collected  from  a  private  tubular  well  in  the  west  part  of  the  village.  No.  4406 
wae  collected  from  a  well  17  feet  deep,  16  feet  below  the  water  table,  near  Mrs.  Cook's  cranberry  bog. 

Microscopical  Examination, 

No  organisms  were  found  In  any  of  these  samples. 


Water  Supply  of  Quincy.  —  Quincy  Water  Company. 

Desci'tption  of  Works.  — Population  in  1885,  12,1^5.  The  works 
are  owned  by  the  Quincy  Water  Company.  Water  was  introduced  in 
1884.  The  average  daily  consumption  in  1888  was  about  452,000 
gallons.  The  sources  of  supply  are  two  large  wells  in  the  valley  of 
Town  Brook  near  the  Old  Colony  Railroad,  about  2,000  feet  south 
of  Quincy  Adams  Station,  and  a  storage  reservoir  on  Town  Brook 
about  \\  miles  above  the  wells.  Previous  to  the  construction  of  the 
storage  reservoir,  water  was  drawn  through  a  coarse  gravel  filter 
from  Town  Brook  opposite  the  wells,  when  the  supply  from  the 
wells  was  insufficient. 

The  wells  are  two  in  number.  One  is  30  feet  in  diameter  and  22 
feet  deep ;  the  second  is  32  feet  in  diameter  and  27  feet  deep. 
Cach  is  built  of  brick  and  covered.  The  filter  near  the  wells  con- 
sisted of  16  pipes  laid  in  four  tiers  in  a  trench  and  embedded  in 
coarse  gravel.  The  quantity  of  water  entering  the  wells  by  natural 
filtration  is  too  small  to  furnish  a  sufficient  supply  for  the  city,  and 
during  the  period  covered  by  the  analyses  given  below  it  was  fre- 
quently necessary  to  admit  the  imperfectly  filtered*  brook  water 
into  the  wells.  For  this  reason  the  analyses  of  water  taken  from 
the  wells  vary  greatly  from  time  to  time. 

The  storage  reservoir  was  constructed  in  1888.  Its  .area  is  46 
acres  and  its  capacity  is  180,000,000  gallons  ;  the  average  depth  is 
12  feet  and  the  maximum  depth  about  30  feet.  The  watershed  above 
the  dam  has  an  area  of  991  acres  and  contains  considerable  meadow 
and  swamp  land,  but  the  outer  portions  are  steep  and  rocky.  There 
are  very  few  inhabitants  on  this  watershed.  The  watershed  of  Town 
Brook  between  the  reservoir  and  the  wells  contains  a  large  popu- 
lation, and  the  population  is  rapidly  increasing  in  the  vicinity  of  the 
wells. 

*  The  term  "  imperfectly  filtered "  should  r  ot  be  understood  to  mean  that  the  water  was  not 
thoroughly  strained,  bat  rather  that  it  bad  not  noderffooe  all  of  the  changes  in  chemical  composition 
which  may  be  produced  by  very  alow  filtration  throngh  sand  or  gravel  under  favorable  circamstances.T 
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WATER  SUPPLY  AND   SEWEEAGE. 
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Pumps  force  the  water  from  the  wells  or  storage  reservoir  to  an 
open  iron  tank  35  feet  in  diameter  and  60  feet  in  height.  Water 
from  the  storage  reservoir  is  conveyed  to  the  pumping  station 
through  a  cast-iron  pipe.  The  main  pipes  are  of  wrought  iron, 
coated  first  with  a  metallic  composition  known  as  **  kalamein,"  and 
then  with  tar.  Wrought  iron,  some  of  it  galvanized,  was  formerly- 
used  for  service  pipes,  but  lead  is  now  used. 


Chemical  ExamincUion  of  WcUerfrom  the  Wells  of  the  Quincy 

Water  Company. 

[Parts  per  100,000.] 

Datk  op 

Appbah^nck. 

Kkbidue  ok 
Evaporation. 

Amvonxa. 

• 

e 

1  NiTROOBX 
AS 

1 

j 

|l 

f 

1 

1 

I 

4 

1 

1 

ii 

i 

1 

288 

18 

Jane  30 

87. 
July    1 

Decided. 

Slight. 

0.70 

7.75 

^ 

_ 

.0016 

.0159 

0.70 

.0260 

_ 

433 

July  28 

July  29 

Decided. 

81i%brown. 

0.50 

•8.62 

- 

- 

.0016 

.0006 

0.94 

.0910 

- 

«48 

Aug.  30 

Aug.  81 

Decided. 

Sli't,  brown. 

0.40 

8.60 

- 

- 

.0034 

.0022 

1.05 

.0300 

- 

853 

Sept.  23 

Sept.  24 

SUght. 

None. 

0.00 

10.26 

- 

- 

.0002 

.0038 

1.84 

.0650 

- 

1065 

Oct.  27 

Oct.  28 

Decided. 

Very  Blight. 

0.45 

7.75 

- 

- 

.0017 

.0090 

0.90 

.0350 

- 

1302 

Dec.    1 

Dec.    3 

Veryeligbt. 

None. 

0.10 

9.60 

- 

- 

.0012 

.0061 

1.19 

.1300 

- 

1501 

Dec.  28 

Dec.  29 

None. 

Very  alight. 

0.00 

9.30 

- 

- 

.0000 

.0044 

1.29 

.1300 

- 

1607 

18 

Jan.  25 

88. 
Jan.  27 

1  Bligbt. 

Very  alight. 

0.40 ; 

5.25 

- 

- 

.0022 

.0116 

0.50 

.0280 

.0001 

1908 

Feb.  28 

Feb.  29 

DisUnct. 

Very  Blight. 

0.50 

4.40 

- 

- 

.0007 

.0171 

0.49 

.0200 

.0008 

2102 

Mar.  27 

Mar.  27 

'  None. 

None. 

0.05 

8.20 

- 

- 

.0000 

.0036 

1.14 

.1000 

.0000 

2308 

Apr.  28 

Apr.  26 

None. 

None. 

0.10 ' 

8.35 

- 

- 

.0004 

.0054 

1.14 

.0450 

.0001 

2522 

May  28 

May  29 

None. 

Very  Blight, 
earthy. 

0.00 

9.80 

- 

- 

.0000 

.0006 

1.40 

.0850 

.0000 

8392 

Oct.  18 

Oct.  19 

SUght. 

Very  Blight. 

0.15 

8.15 

- 

- 

.0000 

.0064 
.0046 

1.24 

.1200 

.0001 

Hardness  in  May,  1888,  5.0. The  samples  were  collected  from  a  faucet  at  the  pumping  BUtion. 

Most  of  these  samples  are  mixtures  of  the  well  water  proper  with  Imperfectly  filtered  brook  water. 


Microscopical  ExamincUion. 


1888. 


Apr. 


May. 


Oct. 


1.  Blue-green  Algn, 

2.  Other  AlgsB,     . 
S.  Fungi, 

4.  Animal  Forms, 


0.0 
0.0 
0.0 
0.0 


0.0 
pr. 
0.0 
pr. 


pr. 
pr. 
0.0 
pr. 


0.0 
pr. 
0.4 
0.0 


Groups  and  principal  genera  of  organisms  observed:     1.  OyanophyeesD.    2.  Palmellace«;  Zoo. 
■poreae;  Diatomaoen.   8.  Bohizomycetea.    4.  Protozoa. 


Digitized  by 


Google 


1889.] 


WATER  SUPPLY  AND  SEWERAGE. 


277 


CSiemieal  l!xaminati(m  of  Water  from  Town  Brook  above  the  Storage  Reservoir  of 
the  Quincy  Water  Company. 

[Part*  p«r  100,0(10.] 


Datb  of 

Appbaxamcx. 

Rkqidue  on 
evapobatioh. 

AxxozaA. 

i 

XlTBOGBN 
AS 

1 

s 

a 

1^ 

f 

«i 

1 

1 

1^ 

1 

1 

r' 

J 

1 

lOM 
8405 
8613 
3760 
3909 
4182 
4424 
4572 
4713 

IS 

Oct.   27 

IS 

Nov.    5 

Nov.  27 

Dec.  19 

IS 

Jan.  23 

Feb.  28 
Mar.  28 
Apr.  25 
May  22 

S7. 
Oct.  28 

ss. 

Nov.    6 
Nov.  28 

Dec.  20 

S9. 

Jan.  24 

Mar.    1 
Mar.  29 
Apr.  28 
May  23 

Slight. 

Slight. 

Slight. 

VeryaUght. 

None. 

VeryaUght. 

SUght. 

VeryaUght. 

VeryaUght. 

8U»t,brown. 

Sli*t,brown. 

Con.,  earthy 
and  floo't. 

811't.earthy 
and  floc't. 

VeryaUght. 
VeryaUght. 
Conaid'ble. 
Consid'ble. 
Conatd'ble. 

0.60 
0.90 
0.10 
0.40 
0.20 
0.10 
0.60 
1.10 
8.50 

6.30 

4.25 
3.60 
3.35 
3.40 
4.20 
3.40 
3.80 
7.10 

1.60 

1.40 
1.00 
0.90 
0.70 
0.90 
1.15 
1.65 
4.25 

3.80 

2.85 

1 
2.60 

2.45 

2.70 

3.30 

2.25 

2.15 

2.85 

.0000 
.0002 
.0000 
.0000 
.0000 
.0000 
.0012 
.0000 
.0020 

.0004 

.0138 

.0164 

.OlM 
.0070 

.0110 
.0090 

.0080 
.0066 

.0084 
.0062 

.0176 
.0146 

.0200 
.0214 

.0472 
.0380 

.65 
.49 
.84 
.41 
.66 
.51 
.51 
.47 
.42 

.64 

.0080 
.0080 
.0080 
.0060 
.0120 
.0120 
.0060 
.0030 
.0060 

.0076 

.0004 
.0002 

.0003 
.0001 
.0001 
.0002 
.0002 
.0000 

Av. 

0.81 

4.14 

1.40 

2.85 

.0176 

.0002 

Odor»  faintly  vegetable  or  graaay.— —  The  aamples  were  collected  from  the  brook  above  the  new 
atorage  reeervoir,  excepting  No.  lOM,  which  waa  collected  near  the  location  of  the  dam  when  work  was 
begon.    Noe.  8613  and  4713  were  ooUected  Jnat  after  a  very  heavy  atorm. 


Microscopical  Examination. 


ISSS 

18S0.                     ^ 

Nov. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0    pr. 

1 
0.0 

2.0therAlg» 

pr. 

0.1 

0.2 

0.2 

2.0 

10.0 

1.2 

0.8 

3.  Fungi 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forma, 

1.2 

0.1 

pr. 

0.0 

0.0 

0.3    0.0 

1 

0.1 

Qroaps  and  principal  genera  of  organiama  obaerved:  1.  Cyanophyoeas.  2.  PalmeUaceas;  Zoo- 
aporeaa,  Deamidiaceae;  Diatomaoeaa,  Sytudra,  TabtUaria;  Zygnemaceo).  4.  Protozoa,  Bydromorum; 
fipongiarla. 
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Chemical  ExamincUion  of  Water  from  the  Storage  Reservoir  of  the  Quincy  Water 

Company, 

[Puts  per  100,000.] 


*A 

1 
Dat«  or                         Appba&axcb. 

BK8IOCK  OK           •     . ^^.. 

EVAPOBATIOK.       ,     AMlfOJriA. 

i 

NrraooBX 

AS 

1 

il  ■    1 

1 

1 

1 

!l 

§1 

1 

Free. 

Alba- 
mlnold. 

1 

S 

8012 

18 

Nov.  27 

^.     ! 

Nov.  28    SUglit. 

Gon.,  earthy 
and  doc't. 

0.60 

1 

4.t0:i.05 

:,.0044 
3.15, 

.0202' 
.0150, 

.72 

.0150 

.0008 

mi 

8010 

Dee.  19 
Jan.  23 

Dec.  20 
Jan.  24 

Diatlnct. 
Slight. 

Con.,  light. 
Sli%  green. 

0.40 
0.15 

•  3.70   1.20 
S.SO  0.75 

t.50 
2.55 

-.0016 
.0000 

.0154* 
.0114 

.0132 
.0102 

.63 
.40 

.0150 
.0100 

.0008 
.0008 

4183 

Feb.  28 

Mar.    1 

Diatlnct. 

SU't,  green. 

0.30 

3.80  0.95 

i.0012 
2.85  . 

.0320 
.0141 

.60 

.0180 

.0002 

4425 

Mar.  28 

Mar.  29 

Diatlnct. 

Blight. 

0.30 

1 
3.45   1.15 

.0000 

t.so 

.0228 
.0146, 

.50 

.0040 

.0008 

4573 

Apr.  25 

Apr.  26 

DiaUnct. 

1 

Conald'ble. 

0.45 

3.50 

1.05 

1.0036 

J.46|| 

..0078 
2.55, 

.0228 
.0188 

•" 

.0030 

.0008 

4714 

May  22 

May  23  ,  VeryeUght. 

|i 

1 

SUght. 

0.70 

3.80 

1.» 

.0244 
.0204 

•1 

r" 

.0020 

.OOOS 

Av. 

....,.,.1' 

0.41 

3.68 

1.06 

2.62 

,.0027 

4 

.0215 
.0150 

.0096 

.0008 

!! 

Odor,  faintly  vegetable. The  eamplea  were  collected  from  the  reaervoir  at  the  dam.    There  were 

5.25  Inches  of  rainfall  in  the  36  hours  previous  to  the  time  of  collecting  sample  No.  3612.  There  were  8.87 
Inches  in  the  two  days  previous  to  the  day  of  collecting  3751.  The  reser%'oir  began  to  fill  Oct.  12, 1888, 
and  was  full  for  the  first  time  on  Dee.  19, 18S8. 

Microscopical  Examination. 


ISSS. 

1889. 

Nov. 

Dec 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-green  Algao, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algs, 

pr. 

0.0 

pr. 

0.1 

0.6 

2.1 

0.1 

S.  Fungi 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms, 

pr. 

0.0 

0.9 

0.8 

0.4 

0.1 

3.2 

Groups  and  principal  genera  of  organisms  observed :    2.  PalmellaceflB;  Zoosporeas;  Deemldlaceas; 
platomaoeoB,  Synedra.    4.  Protozoa,  Dinobryon, 


Water  Supply  of  Randolph  and  Holbrook. 
Description  of  Works.  —  Population  in  1885,  Randolph,  3,807; 
Holbrook,  2,334 ;  total,  6,151.  The  main  works  are  owned  jointly 
by  the  towns  of  Randolph  and  Holbrook,  but  each  town  owns  and 
controls  its  distributing  system.  Water  was  introduced  in  1888. 
The  average  daily  consumption  for  the  ten  months  from  Oct.  1, 
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1888,  to  Aug.  1,  1889,  was  118,713  gallons.  The  source  of  supply 
is  Great  Pond  in  Randolph  and  Braintree.  The  surface  of  the  pond 
has  been  raised  1 J  feet  above  its  natural  level  by  a  dam  built  many 
years  ago  at  the  outlet.  Its  area  is  130  acres  and  its  maximum 
depth  22  feet.  The  larger  part  of  the  pond  is  free  from  shallow 
places,  and  its  general  depth  is  about  11  feet.  There  is,  however,  a 
large  area  of  meadow  land  at  the  southern  end  which  is  over- 
flowed when  the  pond  is  full.  The  bottom  of  the  pond  is  sandy 
and  gravelly  around  the  shores  and  muddy  in  the  deeper  portions. 
Its  drainage  area  of  3.44  square  miles  contains  a  portion  of  the 
village  of  Randolph  and  a  large  amount  of  swamp  and  meadow 
land.  Pumps  force  the  water  from  the  pond  to  two  open  iron  tanks, 
one  in  each  town.  The  Randolph  tank  is  30  feet  in  diameter  and 
125  feet  in  height.  The  Holbrook  tank  is  30  feet  in  diameter 
and  112  feet  in  height.  Distributing  mains  are  of  cast  iron. 
Service  pipes  are  of  wrought  iron  lined  with  cement. 


Chemical  Examination  of  Water  from  Great  Pond^  Randolph, 

[Part*  per  100,000.] 


1 


Appbaxaxcb. 


Rrsiddb  ox 
evaporatiov. 


18  87. 
840   Sept.  23  Sept.  24 

I  18  88. 

1977  I  If ar.    8  |  Mar.    8 

2149  I  Apr.    3   Apr.    3 

2295   Apr.  21 !  Apr.  24 


2515 
2737 


3041 
8371 
3461 

At. 


May  25  .  May  26 
July    6  July    7 


Aug.  7 
S«pt.  3 
Oct.  15 
Oct.  23 


Aug.  8 
Sept.  6 
Oct.  16 
Oct.  26 


SUght. 

Distinct. 
DUtlnet. 
Slight. 

Dlfltinct. 
SUght. 

Slight. 

VerysUght. 

Very  slight. 

Very  slight. 


Sll't»  brown 

None. 

Very  slight. 

Very  slight, 
white. 

Very  slight. 

Slight. 

SUght. 

Sll't,  black. 

Very  slight. 

Very  slight. 


0.40 

0.55 
1.20 
1.10 

1.00 
0.80 

0.45 

0.40 

0.60 

1.10 


0.76 


4.85 

3.75 
3.05 
3.70 

4.05 

4.30 

4.70 

3.95 

4.20 

4.30 

3.96 


1.25 

1.05 
1.00 
1.55 

1.60 

1.80 

1.80 

1.46 

1.65 

1.90 


1.27 


8.10 

2.70 
2.95 
2.16 

2.65 

2.50 

2.80 

2.50 

2.65 

2.40 

2.69 


.0002 

.0006 
.0005 
.0002 

.0012 
.0002 

.0022 

.0006 

.0004 

.0014 


.0204 
.0192 

.0246 

,0288 
,0248 

0804 
0268 

0208 
0200 

0266 
0266 

0298 
0254 


.0008 


.63 


.0030 


.40 ;  .0050 


.0080 
.0080 

.0030 
.0080 

.0040 

.0030 

.0040 

.0020 


.0043 


0001 
0008 
0002 

0008 

0001 


0002 
0001 
0000 

.0001 


Hardness  in  May,  1888, 1.3.    Odor,  vegetable,  occasionally  peaty. The  samples  were  collected 

from  a  laacet  in  the  pumping  station,  while  pumping,  or  from  the  pond  over  the  end  of  the  inlet  pipe. 
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Microscopical  Examination, 


[Dec. 


18S9. 


July. 


Aag, 


Sept 


Oct.      I      Oct. 


1.  Blue-green  Alga, 

2.  Other  Algaa,  . 
S.  Fungi,    . 

4.  Animal  Forms,     . 


pr. 
0.0 
0.0 
0.8 


pr. 
0.4 
0.0 
pr. 


0.0 
0.1 
0.0 
pr. 


0.0 
pr. 
pr. 
pr. 


pr. 
0.0 
pr. 


Groups  and  principal  genera  of  organisms  observed:    1.  Cyanophycefls.    2.  Palmellacea;   Zoo- 
sporese;  Diatomacen.    8.  Behizomyoetes.    4.  Protozoa;  Sponglaria;  Bntomosiraea. 


Ckemical  Examination  of  Water  from  Faucets  in  Randolph  and  Eolbrook  sup^ 
plied  from  Uie  Randolph  and  Eolbrook  Water  Works, 

[Parts  per  100,000.] 


Datk  of 

Appkasavob. 

Rksidck  ov 

EVAPORATIOH. 

Akmovia. 

i 

NiTBOOBV 
AS 

1 

t 

6 

jl 

j 

1 

i 

i 

1 

1 

< 

1      ^ 

1 

8651 

IS 

Dec.    6 

SS. 
Dec.    6 

Very  slight. 

Very  slight. 

0.70 

4.80 

1.80 

2.50 

.0004 

.0228 
.0216' 

.55, 

.0080 

.0002 

8706 
8805 

Dec.  27 

18 

Jan.  23 

De<v2S 
Jan.  23 

Very  slight. 
Decided. 

Very  slight. 

Heavy,  red 
brown. 

0.70 
0.70 

4.20 
3.70 

1.65 
1.25 

2.55 
2.45 

.0018 
.0000 

.0206' 
.0174, 

.0172  ' 
.0142 

.60, 
.61 

.0080 
.0100 

.0002 
.0001 

4112 

Feb.  25 

Feb.  25 

Very  slight. 

Verysllght. 

0.60 

4.05 

1.55 

2.50 

.0000 

.0142 
.0112 

.62 

.0100 

.oooa 

4465 

Apr.    1 

Apr.    2 

Very  slight. 

Blight. 

0.50 

3.55 

1.10 

2.45 

.0002 

.0130 
.0120  1 

.49 

.0060 

.0002 

4687 

Apr.  26 

Apr.  27 

None. 

None. 

0.40 

3.65 

0.95 

2.70 

.0008 

.0160 
.0138, 

.52    .0050 

.000& 

4710 

May  21 

May  23 

Very  slight. 

Verysllght. 

0.45 

4.55 

2.30 

2.25 

.0020 

.0204, 
.0188  1 

.641.0080 

.0003 

Odor,  faintly  vegetable. Nos.  8805  and  4466  were  collected  from  fkncets  In  Holbrook.    The 

remaining  samples  were  collected  from  faucets  in  Randolph. 

Microscopical  Examination, 


1888. 

1889. 

Dec. 

Dec. 

Jan. 

Feb. 

Apr. 

Apr. 

May. 

1.  Blue-green  Algaa, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Alg» 

0.0 

pr. 

0.2 

6.3 

1.0 

1.3 

1.3 

3.  Fungi, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms, 

0.0 

0.0 

0.0 

0.1 

1.4 

1.2 

0.4 

Groups  and  principal  genera  of  organisms  observed:    2.  Dlatomacen,  StephanodUctu,  Synedra; 
ZygnemacesB.    4.  Protozoa,  JHnobrvon, 
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Water   Supply  of  Revere   and  Winthrop. — Revere  Water 

Company. 
Description  of  Works. — Population  in  1885,  Revere,  3,637  ;  Win- 
throp, 1,370 ;  total,  5,007.  In  addition  to  the  permanent  population 
there  is  a  very  large  summer  population  at  the  beaches.  The  works 
are  owned  by  the  Revere  Water  Company,  and  were  built  in  1884. 
The  average  daily  consumption  in  1888  was  361,489  gallons.  The 
sources  of  supply  are  two  large  wells,  in  the  bottoms  of  which  tubular 
wells  are  sunk,  and  a  large  number  of  two-inch  tubular  wells  in  three 
groups  located  several  hundred  feet  from  the  main  wells.  The 
wells  are  located  in  the  valley  of  a  small  brook  about  one-fourth 
of  a  mile  from  salt  marshes,  and  about  one  mile  from  the  sea- 
shore at  Revere  Beach;  they  are  sunk  through  clay  to  a  gravel 
stratum  which  is  reached  at  a  depth  of  from  50  to  70  feet  beneath 
the  surface.  Well  No.  1  is  30  feet  in  diameter  and  20  feet  in  depth. 
Three  6-inch  and  two  2-inch  tubular  wells  have  been  sunk  in  the 
bottom  of  this  well.  Well  No.  2  is  40  feet  in  diameter  and  20  feet 
in  depth.  At  the  bottom  is  a  smaller  well,  8  feet  in  diameter  and  30 
feet  in  depth,  and  around  this  smaller  well  are  eight  2-inch  tubular 
wells.  The  tubular  wells,  in  the  three  groups,  are  connected  with  an 
auxiliary  engine  which  pumps  water  from  them  into  the  large  wells, 
from  which  it  is  pumped  by  the  main  engine  into  the  distributing 
system,  the  surplus  water  going  to  an  open  distributing  reservoir. 
The  area  of  the  superficial  watershed  of  the  brook,  at  a  point  near  the 
wells,  is  430  acres,  and  it  contains  a  population  of  about  600.  The 
amount  of  water  pumped  in  1888  is  equivalent  to  a  depth  of  11.3 
inches  on  the  superficial  watershed.  The  rainfall  in  this  vicinity  in 
1888  was  about  60  inches.  The  distributing  reservoir  is  236  feet 
long,  194  feet  wide  and  20  feet  deep;  its  capacity  is  1,500,000 
gallons.  The  bottom  is  of  clay,  and  the  slopes  are  paved.  Distribut- 
ing mains  and  service  pipes  are  of  wrought  iron  lined  with  cement. 
The  Revere  Water  Company  obtained  the  right  in  1889  to  take  an 
additional  supply  of  water  from  Crystal  Brook  in  Saugus.  For  an 
analysis  of  the  water  of  this  brook,  see  Saugus. 
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[Dec. 


Chemical  Examination  of  Waier  from  tJie  Wells  of  the  Revere  Water  Company, 

[Parte  per  100,000.] 


Datb  of 

Appkabakck. 

Rksidlk  ox 

EVAPOKATION. 

Amxoxia. 

c 

I 

6 

A8 

1 

1 

o 

i^ 

f 

1 

1 

H 

i 

h 

1 

A 

< 

1  ^ 

1   ^ 

S 

83 

18 

June   3 

Juno   4 

None. 

None. 

0.0. 

22.00 

^ 

'_ 

.0005 

.0023 

s.io 

1 

.1050 

1 

. 

247 

July    5 

July    6 

None. 

None. 

0.0 

26.32 

- 

- 

.0000 

.0028 

I3.M 

.1690 

- 

490 

Aug.   6 

Aug.  8 

None. 

None. 

0.0 

21.20 

- 

- 

.0002 

.0009 

2.99 

(.2270 

- 

680 

Sept.  2 

Sept.  3 

None. 

None. 

0.0 

21.80 

- 

- 

.0000 

.0006 

3.24 

.1950 

- 

886  '  Oct.     4 

Oct.     6 

Very  alight. 

None. 

0.0 

22.00 

- 

- 

.0000 

.0016 

3.64 

.1630 

- 

1176 

Nov.    2 

Nov.  14 

None. 

None. 

0.0 

21.20 

- 

- 

.0000 

.0008 

3.51 

.1000 

- 

1434 

Dec.  15 

Dec.  19 

Very  Blight. 

None. 

0.0 

21.70 

- 

- 

.0001 

.0024 

3.55 

.1200 

- 

1637 

18 

Jan.    4 

88. 
Jan.    6 

Veryallght. 

None. 

0.0 

21.40 

_ 

_ 

.0000 

.0046 

3.4S 

1.1200 

.0020 

1766 

Feb.    3 

Feb.    6 

Veryallght. 

None. 

0.0 

21.50 

- 

- 

.0000 

.0016 

3.64 

,.1500 

.0090 

1963 

Mar.    6 

Mar.    7 

1  Distinct. 

Veryallght. 

0.0 

21.70 

- 

.0000 

.0042 

3.51 

.1600 

.0010 

2176 

Apr.    6 

Apr.  10 

SU't.mllky. 

None. 

0.0 

22.40 

- 

.0000 

.0022 

3.56 

'.1200 

.0022 

2619 

May  24 

May  28 

Slight. 

Veryallght. 

0.0 

21.25 

- 

- 

.0000 

.0012 

3.63 

.1800 

.0020 

2693 

Jane  28 

June  30 

None. 

None. 

0.0 

24.66 

- 

- 

.0002 

.0018 

3.64 

.1300 

.0020 

2760 

July    9 

July  12 

None. 

None. 

0.0 

28.05 

- 

- 

.0000 

.0034 

3.62 

.2000 

.0024 

2928 

Aug.  10 

Aug.  14 

Slight. 

^•4irr'' 

0.0 

26.10 

- 

- 

.0002 

.0028 

3.54 

.0350 

.0024 

8268 

Sept.  24 

Sept.  25 

None. 

None. 

0.0 

24.00 

- 

- 

.0000 

.0008 

3.65 

.1200 

.0028 

8466 

Oct.  30 

Oct.  30 

Very  Blight. 

None. 

0.0 

22.60 

- 

- 

.0004 

.0006 

3.37 

1.1000 

.0006 

8622 

Nov.  30 

Dec.    1 

None. 

None. 

0.0 

22.40 

- 

- 

.0000 

.0018 

3.27 

.0700 

.0081 

3742 

Dec.  19 

Dec.  19 

Sll't,milky. 

None. 

0.0 

22.26 

- 

- 

.0000 

.0008 

3.18 

.1600 

.0038 

S84I 

18 

Jan.  11 

89. 

Jan.  11 

Distinct. 

8U»t.  white. 

0.0 

21.90 

. 

. 

.0000 

.0006 

3.18 

.1500 

.0084 

4010    Feb.  12 

Feb.  12 

None. 

None. 

0.0 

21.96 

- 

- 

.0000 

.0010 

3.26 

.1400 

.00S8 

4384    \far.23 

Mar.  23 

Veryallght. 

None. 

0.0 

23.35 

- 

- 

.0000 

.0020 

3.30 

.1200 

.0020 

4569 

Apr.  25 

Apr.  26 

None. 

None. 

0.0 

22.80 

- 

-  1 

.0000 

.0022 

3.30 

.1800  .0024 

4711 

May  22 

May  23    BU%milky. 

None. 

0.0 

23.60 

- 

1 

.0000 

.0022  1  3.37' 

.1250,. 0020 

Av. 

I, 

0.0 1 

22.55 

- 

.0001 

.0019 

3.41  '.linfi  i.ami, 

II 

1 

Hardness  in  May,  1888, 12.3.    Odor,  none. The  aamples  were  collected  from  a  faucet  in  tb» 

pumping  station,  while  pumpingi  or  from  one  of  the  large  wells. 
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Microscopical  ExaminaUon. 


1888. 

1889. 

Apr. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mftr. 

Apr. 

May. 

1.  Blae-green  Algie, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0     0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  OtherAlgs,. 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

pr. 

3.  Fang!, 

0.0 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,    . 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

myoetet 


Groopa  and  principal  genera  of  organiamB  observed:    2.  Palmellacen;   Diatomacece.    3. 
setet.    4.  Protozoa;  Bponglaria. 


Schlxo. 


Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Revere 

Water  Company^ 

[Parta  per  100,000.] 


Datb  or 

RssinuK  ox 

EVAPOBATIOM. 

AXXONIA. 

1 

NlTKOOKV 
AS 

1 

1 

5 

,1 

as 

& 

1 

1 
1 

1 

1 

si 

1 

1 

i 

< 

I 

S 

18  87. 
887    Oct.     4   Oct.     8 

None. 

None. 

0.00 

22.10 

„ 

_ 

.0008 

.0044 

3.60 

.1300 

_ 

1177 

Nov.  13  Nov.  14 

Verysllght. 

Veryslight. 

0.00 

22.00 

- 

- 

.0000 

.0064 

3.50 

.1100 

1435 

Dec.  15  Dec.  19 

Verysllght. 

Sli't.earthy. 

0.00 

22.20 

- 

- 

.0020 

.0090 

3.53 

.1500 

- 

1U8 

18  88. 

Jan.    4  Jan.    5 

Veryslight. 

SU't,  white. 

0.00 

21.40 

_ 

_ 

.0000 

.0012 

8.49 

.1400 

.0020 

1755 

Feb.    3  Feb.    6 

Slight. 

Veryslight, 
white. 

0.00 

21.60 

- 

- 

.0000 

.0030 

1 

3.55 

.1500 

.0014 

19®   Mar.    ^Mar.   7 

Dtslinct. 

Slight. 

0.00 

21.80 

- 

- 

.0026 

.0138 

3.47 

.1000 

.0016 

2176 

Apr.    6 

Apr.  10 

Distinct. 

Slight. 

0.10 

23.60 

- 

- 

.0048 

.0176 

3.52 

.1200 

.0020 

2S20 

If  ay  24 

May  2R 

Distinct. 

81i't,brown. 

0.05' 

22.25 

- 

- 

.0060 

.0074 

3.69 

.1600 

.0015 

2QM 

Jane  28 

Jane  90 

Distinct. 

Sli't,  white. 

0.00" 

1 

28.50 

- 

- 

.0008 

.0084 
.0034 

8.49 

.1200 

.0017 

2761   July    9 

1 

Jaly  12 

Slight. 

Sli't,  brown. 

0.00, 

23.25 

- 

- 

.0050 

.0090 
.0048 

3.41 

.0900 

.0019 

2B29   Aug.  10 

Ang.l4 

None. 

Veryslight, 
white. 

0.00' 

1 

24.40 
23.80 

- 

- 

.0072 

.0070 
.0060 

3.45 

.0550 

.0016 

83a9 

Sept.  24 

Sept.  25 

Veryslight. 

Veryslight. 

0.00 1 

24.25 
23.80 

- 

- 

.0000 

.0052 
.0026 

3.52 

.1000 

.0018 

3467 

Oct.  30 

Oct.  30 

VerysUght. 

Veryslight. 

0.00 

22.25 
21.80 

- 

- 

.0004 

.0020 
.0012 

3.42 

.1000 

.0020 

3623 

Nov.  30 

Doc.    1 

Slight. 

Slight. 

0.00 

20.90 

- 

- 

.0000 

.0020 

3.10 

.0850 

.0018 

3743 

Dec.  19 

Dec.  19 

Slight. 

Veryslight. 

0.00 

21.35 

- 

- 

.0018 

.0104 

8.31 1 

.0800 

.0017 
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Chemieal  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Revere 
Water  Company — Concluded. 


I 


Appsabahcb. 


Eh 


RBfllDDB  ON 
EVAPORATIOK. 


1^ 


il 


3842 
4011 

4385 

4570 

4712 


18 

Jan.  11 

Feb.  12 
Mar.  23 
Apr.  25 
May  122 


89. 

Jan.  11 

Feb.  12 
Mar.  23 
Apr.  25 
May  23 


Av. 


BUght 
Very  Blight. 

Slight. 

Very  Blight. 

Distinct, 
milky. 


SU%  white.  0.05  !  21.40 

I         'I 
Very  slight.  0.00  j  22.90 

I         1,22.46 
Slight.         !  0.00 1' 23.00 


Very aUght.  0.00    22.8 


Con.,  floc't. 


0.00 h 23.00 


.0000 
.0006 

.0000 

.0000 

.0014 


.0028 
.DOM; 

.00421 
.0018 

.00721 
OQMj 

,01441 
,00041 


.0017 


,0060 


3.19 

.1300 

3.34  , 

.1300 

3.87  ! 

.UOO 

3.30. 

.1150 

.0300 

3.43;' 

.1106 

.0021 
.002s 

.0021 

.0021 

,0022 

.0018 


Hardness  In  May,  1888,  12.8.    Odor,  frequently  vegetable  and  disagreeable,  occasionally  none.— - 
The  samples  were  collected  from  the  reservoir  at  the  surface. 


Microscopical  Examination, 


1888. 

1880. 

Jane. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

^. 

1.  Blae>green  AIgn, .... 

0.0 

12.0 

- 

0.0 

0.0 

0.0 

0.0 

0.0    0.0 

0.0     0.0.0.0 

2.  Other  Algao 

82.0 

100.1 

- 

0.8 

0.8 

pr. 

3.0 

64.6,  0.4 

42.0!   65.1    7.0 

8.  Fungi, 

0.0 

0.0 

- 

0.0 

0.0 

0.0 

0.0 

0.0    0.0 

0.0       0.0  1  0.0 

4.  Animal  Forms,     .... 

64.0 

87.1 

- 

1.2 

1.0 

0.0 

0.0 

64.7    8.7 

50.3|lv0.1 

4.6 

Groups  and  principal  genera  of  organisms  observed :  1.  CyanophycesB,  MerUmopedia,  2.  Pal. 
mellacesB;  Zooaporen;  DiatomaceiB,  A^terioneila,  Synedra,  TabeUaHa.  4.  Protozoa,  Peridinium^ 
Trachelomonaa ;  Sponglarla;  Rotifera;  Entomostraca. 


Qhemical  Examination  of  Water  from  a  Faucet  in  Winthrop  supplied  from  ike 
Works  of  the  Revere  Water  Company, 

[Parts  per  100,000.] 


DATS  OF 

Appearaxcb. 

Rksidce  ok 
Evaporation. 

AjncoNiA. 

• 

NiTBOOKK 
AS 

1 

1^ 

^ 

g 

1 

H 

i 

1 

1 

< 

1 

1 

682 

18 

Sept.  6 

87. 

Sept.  6 

None. 

None. 

0.0 

24.05 

- 

- 

.0000 

.0022 

8.37 

.1050 

1 

- 
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Water  Supply  of  Richmond  Iron  Works,  Richmond. 
This  is  a  small  supply  introduced  by  a  manufacturing  company  for 
the  purpose  of  furnishing  water  to  its  employees.  The  source  of 
supply  is  a  small  reservoir  on  Center  Brook.  The  reservoir  has  an 
area  of  half  an  acre  and  a  depth  of  10  feet.  The  bottom  is  of  gravel. 
Water  is  distributed  by  gravity.  Distributing  mains  are  of  cast 
iron.     Service  pipes  are  of  galvanized  iron. 

Chemical  ExamincUion  of  Water  from  a  Faucet  in  the  Village  of  Richmond, 

[Parts  per  100,000.] 


Datb  of 

Appbarancx.               I 

Rbbiddx  on 

EVAPORATIOK. 

Ammonia. 

i 

NlTBOOBX 
Aa 

1 

1^ 

Turbidity. 

j 

h 

1 

4 

1 

1 

1 

1 

IS  97. 

46  June   6  Jane   8 

1 

None. 

VeryaUght. 

0.0 

17.60 

1.65 

15.95 

.0010 

.0101 

;  •" 

.0260 

- 

Harduesa,  12.0.    Odor,  none. 


Water  Supply  of  Rockland. 
This  town  is  supplied  jointly  with  Abington.     See  Abington. 


Water  Supply  of  Salem. 
Description  of  Works.  —Population  in  1885,  28,090.  The  works 
are  owned  by  the  city.  Water  was  introduced  Dec.  25,  1868. 
Previous  to  that  date  the  city  was  supplied  by  the  Salem  and 
Danvers  Aqueduct  Company,  water  being  introduced  by  this 
corporation  in  1799.  The  average  daily  consumption  in  1888 
was  2,106,000  gallons.  The  source  of  supply  is  Wenham  Lake 
in  Beverly  and  Wenham.  The  area  of  the  lake  is  320  acres, 
and  its  maximum  depth  is  47  feet.  The  bottom  is  of  gravel  and 
sandi  The  natural  surface  of  the  lake  has  been  raised  two  feet  by 
a  dam  at  the  outlet.  The  watershed  of  1,716  acres  consists  of  low, 
gravelly  and  sandy  hills,  slightly  wooded,  but  generally  devoted  to 
pasturage  or  cultivation.  It  contains  a  considerable  population,  but 
there  are  very  few  inhabitants  in  the  vicinity  of  the  lake.  Pumps 
force  the  water  from  the  lake  to  a  distributing  reservoir  situated 
about  one  mile  south  of  the  lake,  between  it  and  the  city  of 
Salem.  By  an  arrangement  of  self-acting  valves  nearly  all  the 
water  passes  around  the  reservoir  directly  to  the  city ;  but,  when 
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the  amount  of  water  pumped  is  in  excess  of  the  consumption,  the 
surplus  goes  to  the  reservoir.  The  reservoir  is  400  feet  square  at 
the  top  and  20  feet  deep  at  high  water ;  its  capacity  is  20,000,000 
gallons.  The  bottom  is  covered  with  gravel,  and  the  slopes  are 
paved.  The  force-main  from  the  pumping  station  to  the  reser- 
voir, and  the  main  from  the  reservoir  to  the  city,  are  of  cast  iron. 
The  distributing  mains  are  nearly  all  of  wrought  iron  lined  with 
cement,  a  few  being  of  cast  iron.  Service  pipes  are  of  galvanized 
iron.  Water  was  supplied  from  the  Salem  works  to  the  town  of 
Beverly  until  Oct.  1,  1887,  when  the  latter  town  completed  inde- 
pendent works  from  Wenham  Lake. 


Chemical  Examination  of  Water  from 

Wenham  Lake, 

Salem  Water  Works, 

[PtrU  per  100,OOO.J 

Datb  of 

RKSmCB  OK 
EVAPOEATION. 

AXMONIA. 

1 

NiTSOOKir 

AS 

1 

1 

a- 

f 

1 

1 

^ 

§1 

1 

1 

< 

1 

,     'A 

1 

i 

163 

18  87. 

Jane  20  June  21 

Slight. 

None. 

0.05 

1 

,    5.07   1.30 

1 
8.77. 

.0026  .0083 

i 
.70  j  .0000 

„ 

870 

July  20 

July  21  i  Very  slight. 

VerysHght. 

0.00 

4.45  0.65 

3.80 

.0080 '.0128 

.69  '.0000 

- 

674 

Aug.  17  1  Aug.  18  |None. 

None. 

0.05 

1   4.47- 

0.55 

3.92 

.0039  .0131 1 

.71, .0070 

- 

778 

Sept.  14  Sept.  16  |  Distinct. 

Veryslight. 

0.00 

4.45 

0.75 

3.70  1 

.0014 

.0142 1 

.73  j.OOOO 

- 

985 

Oct.  18 

Oct.  20    Slight. 

Sli*t,brown. 

0.10 

1   4.60 

0.50 

4.10 

1 

.0029  1.0164  1 

.69    .0000 

- 

1207 

Nov.  16 

Nov.  18 

Slight. 

Slight. 

0.05 

6.00 

0.95 

4.05' 

.0022 '.0134 

.74    .0020 

- 

1430 

Dec.  19 

Dec.  20 

Distinct. 

1 

SUght. 

0.10 

6.10 

1.05 

4.05 

.0012  .0166 

.77    .0040 

- 

1618 

18 

Jan.  17 

88. 
Jan.  19 

Slight. 

Veryslight. 

0.00 

4.90 

0.95 

1 

3.95^ 

.0000  .0170' 

1 
.74    .0050      - 

1833 

Feb.  14 

Feb.  15    Very  slight. 

Veryslight. 

0.05 

4.60 

0.80 

3.80 

.0032  .0134 

.77    .0080  .0000 

2046 

Mar.  19 

Mar.  20 

Slight. 

Veryslight 

0.10 

4.65 

0.66 

4.00  ' 

.0008 

.0148 1 

.74    .0080J.0001 

2240   Apr.  17 

Apr.  18    DUtinct. 

Veryslight. 

0.15 

4.S0 

0.65 

3.65 

.0008 

.0170 j 

.•70  jj. 0050  .0002 

2432  '  May  15 

May  16  ,  Slight. 

Veryslight. 

0.00 

8.85 

0.60 

3.25 

.0012 

.0160 

.60    .0030  .0001 

1 

2662 

June  25 

June  26    Distinct. 

Sli't,  green. 

0.10 

4.50 

0.80 

8.60 

.0018 

.0132 

.701 

.0020|.0000 

i 

2779 

July  16 

July  17  i  Very  slight. 

Veryslight. 

0.05 

4.80   1.15 

3.16  j 

.0002 

.0160  1 
.0118 

.60 

.0020 

.0001 

Aug.  14 

Aug.  15 

Slight. 

Slight. 

0.00 

5.80 

1.80 

4.20 

.0014 

.0140 ' 
.0180  1 

.74, 

.0030 

.0000 

8219 

Sept.  18 

Sept.  19 

SUght. 

Veryslight. 

0.05 

4.65 

1.00 

3.65 

.0008 

.0140 
.0120 

.68,1.0050 

.0002 

8880 

Oct.  16 

Oct.  17 

SUght. 

S1I%  green. 

0.00 

4.30 

0.85 

3.65 

.0036 

.0142 1 
.0108' 

.«n,;.0060 

.0002 

8677 

Nov.  20 

Nov.  21 

Very  slight. 

Slight. 

0.10 

4.85  1.05 

8.30 

.0006 

.0166 ! 
.0154 

.71  '.0070 

I 

.0001 

8706 

Dec.  12 

Dec.  14 

Slight. 

Sli't,brown. 

0.00 

5.80  1.65 

4.15 

.0090 

.0096' 
.0070 

.93    .0160 

|l 

.0001 
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Chemical  Examination  of  Water  from  Wenham  Lake,  Salem  Water  Worka — Con. 


Datb  or 

APPBAKA.NCR. 

Rbsidur  ok 
Evaporation. 

Ammonia. 

1 

o 

NiTROOKN 
AS 

^ 

j 

6 

1 

J 

1 

si 

i 

1 

1 

Nitrates. 
Nitrites. 

S863 

18 

Jan.  16 

80.           1 
Jan.  18 

Distinct. 

Veryslight. 

0.05 

4.10 

0.S5 

8.46 

.0004 

.0148 
.0112 

.70 

.0080 

.0003 

4047 

Feb.  19 

Feb.  21 

Verysllght. 

Veryslight. 

0.10 

4.20 

1.25 

2.85 

.0002 

.0140 
.0106 

.73 

.0070 

.0002 

4350 

Mar.  19 

Mar.  20 

Veryslight. 

Slight. 

0.05 

4.80 

1.15 

8.15 

.0002 

.0140 
.0110 

.71 

.0060 1.0001 

4524 

Apr.  16 

Apr.  17 , 

Slight. 

Slight. 

0.00' 

4.25 

1.00 

8.25 

.0010 

.0174 
.0182 

.71 

.0060  .0001 

4667 

May  14 

May  14 

Veryslight. 

SUght. 

0.10 

4.30 

1.20 
0.80 

8.10 

.0008 

.0142 
.0112 

.73 

.72 

1 

.0020 

.0001 

At. 

0.05 

4.62 

8.82 

.0018 

.0143 

.0047 

0001 

1 

Hardness  in  May,  1888,  \A.    Odor,  faintly  vegetable,  occasionally  mouldy,  rarely  disagreeabln. 

The  samples  were  collected  from  a  faucet  at  the  pumping  station,  while  pumping,  until  June,  1888. 

The  remaiolng  samples,  including  the  one  collected  in  June,  1888,  were  collected  from  the  lake,  one  foot 
b<>neath  the  surface  and  about  40  feet  from  shore,  excepting  2863  and  4047,  which  were  collected  from  a 
faucet  at  the  pumping  station. 

Microscopical  Examination. 


1888. 

,                     1880. 

June.  July. 

Aug.  Sept. 

Oct.  Nov. 

Dec. 

Jan. 

Feb. 

Mar.  Apr. 

May. 

1.  Blue-green  Alge 

0.8 

pr. 

pr. 

0.1 

0.0 

pr. 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algae, 

0.1 

1.9 

3.8 

1.4 

18.2 

21.7 

6.8  ' 

35.4 

20.6 

3.9 

5.1 

0.6 

«-  Fungi 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0;  0.0 

0.0 

0.0 

4.  Animal  Forms,       .... 

pr. 

2.7 

0.7 

0.5 

0.9 

0.1 

pr. 

0.2 

0.4    0.2 

1 

0.1 

0.6 

Groups  and  principal  genera  of  organisms  observed:  1.  Cyanophycen.  2.  PalmpIIacete ;  Zoo- 
spores!; IHatomaceflS,  AsterianHLa^  MeloHirtit  StephanodiscuSt  Synedra.  3.  Schizomycetes.  4.  Proto- 
tiMt  Dinobryon  ;  Spongiarla;  Rotlfera;  Entomostraca. 

Table  showing  Heights  of  Water  in  Wenham  Lake  at  Times  when  Samples  of 

Water  were  collected  for  Analysis. 

Note  :  High-water  mark  is  30.17  feet. 


DATE. 

Height  of 
Water. 

DATE. 

Heife'ht  of 
Water. 

1887. 

Jnne20, 

July  20, 

Aagnstn 

September  14, 

October  18, 

HoTemberl6, 

Decembers 

1888. 

January  17, 

Pebraary  14 

March  19 

April  17, 

Miyw 

30.00 
29.17 
28.64 
28.58 
27.85 
27.50 
27.27 

27.69 
27.42 
28.50 
80.42 
80.09 

1888. 

June  25 

July  16 

August  14 

September  18, 

October  16 

November  20, 

December  12 

1880. 
January  16,        .        .       .        . 

February  19, 

March  19. 

AprlM6, 

May  14 

29.83 
29.18 
28.63 
28.00 
28.66 
29.10 
80.26 

30.33 
80.25 
80.16 
81.08 
29.90 
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Chemical  EzamincUion  of  Water  from  the  DistrtbtUing  Reservoir  of  the  Salem 

Water  Works, 

[Parts  per  100,000  ] 


Datb  of 

Appkasahcb. 

RaaiDUE  ON 
Evaporation. 

Ammoxxa. 

1 

i 

i 

NiTROGBir 
AS 

1 
a 

s 

O 

ii 

H 

1 

1 

1 

H 
Sa 

1 

1 

|1 

S 

S 

152' June  20  June  21 

Slight. 

VeryaUght. 

0.05 

4.77 

1.17 

3.60 

.0017 

.0134 

.09 

.0000 

_ 

571 1  July  20 

July  21 

1  Slight. 

VeryaUght. 

0.00 

4.75 

0.77 

8.98 

.0022 

.0207 

.72 

.0000 

'  - 

^73    Aug.  17 

Aug.  18 

VeryaUght. 

81i*t.brown. 

0.05 

4.85 

1.20 

3.65 

.0004 

.0178 

.60 

.0070 

- 

777  1  Sept.  14,  Sept.  16 

Decided. 

811%earthy. 

0.00, 

4.80 

0.90 

3.90 

.0014 

.0180 

.77 

.0000 

- 

984    Oct.  IS   Oct.  20 

VeryaUght. 

Sli't,  white. 

0.00 

4.75 

0.60 

4.15 

.0028 

.0246 

.76 

.0000 

-   • 

1208  :  Xov.  17   Nov.  18 

j  Very  alight. 

Slight. 

0.00 ' 

4.80 

0.70 

4.10 

.0024 

.0177 

.75 

.0000 

- 

1438   Dec.  19  Dec.  20 

VeryaUght. 

VeryaUght. 

0.05 

4.75 

0.70 

4.05 

.0008 

.0153 

.77 

.0020 

- 

1            !»««. 

1617  ;  Jan.  17   Jon.  19 

1 

Distinct. 

Sirt,  brown. 

0.00 

5.40 

1.30 

4.10 

.0006 

.0205 

-.80 

.0060 

. 

1834   Feb.  14 

Feb.  15 

Diatinct. 

611%  white. 

0.05 

4.90 

1.00 

3.90 

.0032 

.0123 

.75 

.0090 

.0000 

.2045  1  Mar.  19 

Mar.  20 

Distinct. 

Slight. 

0.10 

4.60 

0.85 

3.75 

.0012 

.0178 

.72 

.0080 

.0001 

2289 

Apr.  17 

Apr.  18 

Decided. 

SU*t,  white. 

0.10 

4.50 

0.70 

3.80 

.0010 

.0232 

.73 

.0080 

.0003 

2433 

May  15 

May  16 

Diatinct. 

VerysUght. 

0.05 

4.60 

0.70 
Q.88 

3.80 

.0004 

.0202 

.69 

.0030 

.0000 

Av. 

0.04 

4.78 

8.90 

.0015 

.0165 

.74 

.0035 

.0001 

! 1 

Hardness  in  May,  1888, 1.7.    Odor,  faintly  vegetable,  occaaionally  mouldy,  rarely 
The  samplea  were  collected  fh>m  the  south-eaat  comer  of  the  reservoir. 

Microscopical  Examination, 


disagreeable.  — — 


isss. 


April. 


May. 


1.  Blue.green  AlgSB^ 

2.  Other  Algas, 

3.  Fungi, 

4.  Animal  Forma,  . 


0.0 
pr. 
0.0 
pr. 


0.0 
pr. 
0.0 
pr. 


0.0 
pr. 
0.0 


Groups  and  principal  genera  of  organisms  observed :    2.  Palmellaceas ;  ZoosporesB ;  Diatomaceae. 
4.  Protozoa;  ltotif6ra;  Bntomoatraca. 


Water  Supply  of  Saugus. 

Population  in  1885,  2,855.  The  distributing  system  is  owned  by 
the  town.  Water  is  supplied  by  the  city  of  Lynn,  and  was  intro- 
duced in  1878.     See  Lynn. 

The  following  analyses  were  made  during  investigations  for  an 
additional  water  supply  for  the  Eevere  Water  Company. 


Digitized  by 


Google 


1889.]         WATER  SUPPLY  AND  SEWERAGE. 

(^emical  Examination  of  Water  from  Crystal  Brook  in  Saugus. 

[Partt  per  ICO.OOO.3 


289 


Datk  of 

APP1CARA.KCS. 

Rrsiduk  oar 

EVAPUKATION. 

Amkovia. 

NlTBOaXH 
A8 

1 

j 

if 

*  3 
»  — 

f. 

1 

1 

1 

4 

i 

& 

1 

1 

ll 

1 

S 

4073 

Feb.  21 

8U»t,  milky. 

Conald'ble. 

0.4 

4.15 

1.40 

t.n 

.0008 

.018fi 
.0134 

.46 

.0060 

.0003 

Hardness,  1.4.    Odor,  nooe. The  sample  was  collected  frotti  Crystal  Brook,  where  It  crosses 

Forest  Street,  Just  below  the  proposed  dam  of  the  Revere  Water  Company. 

Microscopical  Examination, 

1.  Bine-green  algiB,  0.0;  2.  Other  alg»,  1.0;  8.  Fongl,  0.0;  4.  Animal  forms,  0.2. 

Groups  and  principal  genera  of  organisms  observed ;    2.  Diatomacesa ;  DesmidiaoesB.    4.  Protozoa. 


Chemical  Examinaiion  of  Water  from  a  Tubular  Well  in  Saugus, 

[Psrti  per  100,000.] 


Datb  of 

ApPBABAVOa. 

RBsinns  ON 

EVAPOBATIOV. 

AXXOVfA. 

1 

NiTBOOBX 
AS 

1 

B 

2 

1 

sl 

f 

1 

1 

1 

g| 
1-^ 

1 

1 

|l 

1 

S 

1 

3796 

IS 

Dee.  27 

S8. 

I>ec.  28 

None. 

None. 

1 
0.0 

I0.7S 

- 

- 

.0002 

.0020 

.85 

.0030 

.0002 

Odor,  none. —^  The  sample  was  collected  from  a  tubular  well  40  feet  deep,  sunk  by  the  Revere 
Water  Company,  on  the  bank  of  a  small  brook  about  half  a  mile  north  of  Pleasant  Hill  Station  in  Saugus. 


Ko  organisms. 


Microscopical  Examinaiion. 


Water  Supply  of  Sharon.  —  Sharon  Water  Company. 

Description  of  Works.  —  Population  in  1885,  1,328.  The  works 
are  owned  by  the  Sharon  Water  Company,  and  were  built  in  1885. 
The  average  daily  consumption  in  1888  was  50,600  gallons.  The 
source  of  supply  is  a  well  16  feet  in  diameter  and  16  feet  deep,  near 
Beaver  Brook,  a  short  distance  from  the  Sharon  Station  on  the 
Providence  Division  of  the  Old  Colony  Railroad.  Pumps  force  the 
water  from  the  well  to  an  open  iron  tank  20  feet  in  diameter  and 
80  feet  in  height.  The  inlet  pipe  extends  4  feet  above  the  top  of 
the  tank.  Water  is  drawn  out  at  the  bottom.  The  tank  is  situated 
between  the  pumping  station  and  the  village,  and  all  water  pumped* 
to  the  village  passes  through  it.  Distributing  mains  are  of  cast 
iron.    Service  pipes  are  nearly  all  of  lead,  a  few  being  of  iron. 
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Chemical  Examination  of  Water  from  the  Well  of  the  Sharon  Water  Company. 

[Parte  per  100,000.] 


Datb  or 

Apfbabaxcb. 

RSBinDB  ON 
SVAPOBATIOV. 

AMXomA. 

1 

1  KITSOOBV 

▲a 

1 

^1 

f 

1 

1 

1 

§1 

1. 

1 

A 

i 

1 

128 

18 

Jane  16 

87. 

Jane  17 

Vei7  Blight. 

None. 

0.0 

8.76 

. 

„ 

.0000 

.0016 

.88 

.I960 

« 

849 

July  18 

Jaly  19 

None. 

None. 

0.0 

9.10 

- 

- 

.0000 

.0008 

.87 

.0650 

- 

657 

Ang.l6 

Aug.  16 

None. 

None. 

0.0 

8.55 

- 

- 

.0000 

.0002 

.76 

.2270 

- 

749 

Sept.  18 

Sept.  18 

None. 

None. 

0.0 

8.02 

- 

- 

.0000 

.0004 

.84 

.1040 

- 

956 

Oct.  14 

Oct.  14 

None. 

None. 

0.0 

7.85 

- 

- 

.0000 

.0000 

.84 

.1950 

- 

1181 

Nov.  14 

Nov.  14 

None. 

SU%  white. 

0.0 

8.45 

- 

- 

.0000 

.0002 

.87 

.1300 

- 

1414 

Dec.  16 

Deo.  16 

None. 

None. 

0.0 

7.85 

- 

- 

-0000 

.0008 

.87 

.2800 

- 

1696 

18 

Jan.  16 

88. 

Jan.  17 

None. 

None. 

0.0 

7.75 

_ 

_ 

.0000 

.0000 

.84 

.2260 

.0001 

1799 

Feb.  11 

Feb.  11 

None. 

None. 

0.0 

7.50 

- 

- 

.0006 

.0020 

.84 

.2000 

.0002 

2066 

Mar.  20 

Mar.  20 

None. 

None. 

0.0 

7.45 

- 

- 

.0000 

.0010 

.82 

.2260 

.0000 

2283 

Apr.  23 

Apr.  23 

None. 

None. 

0.0 

7.25 

- 

- 

.0000 

.0008 

.77 

.1900 

.0000 

2498 

May  23 

May  24 

None. 

None. 

0.0 

7.80 

- 

- 

.0000 

.0000 

.79 

.2250 

.0000 

Av. 

0.0 

7.99 

.0001 

.0007 

.83 

.1884 

.0001 

Hardneaa  in  May,  1888,  8.4.    Odor,  none.' The  aamples  were  collected  from  a  faucet  on  the  main 

pipe  near  the  pnmping  station  while  pumping. 

Microscopical  Examination, 

March,  April,  May,  1888.    No  organlams. 


Chemical  Examination  of  Water  from  the  Tank  of  the  Sharon  Water  Company, 

tParts  per  100,000.] 


Datk  of 

APPBABAarOB. 

Rbbiddb  on 

EVAPOBATXON. 

AXXONIA. 

j 

NinooBV 

AS 

s 

j 

f 

1 

1 

1 

i 

1 

1 

< 

s 

1 

956 

1697 
1800 

18 

Oct.  14 

18 

Jan.  16 

Feb.  11 

87. 
Oct.  14 

88. 

Jan.  17 

Feb.  11 

None. 

None. 
Very  slight. 

None. 

None. 
None. 

0.0 

0.0 
0.0 

7.90 

7.45 
7.75 

- 

- 

.0000 

.0000 
.0000 

.0000 

.0000 
.0024 

.83 

.85 
.76 

.81 

.2270 

.2250 
.1800 

.2107 

.0001 

.0000 

.0002 

Av. 

0.0 

7.70 

- 

- 

.0000 

.0008 

.0001 

Odor,  none. The  samples  were  collected  from  a  faucet  about  one-quarter  of  a  mile  beyond  tlie 

tank,  and  represent  water  that  bad  passed  through  the  tank. 
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Chemical  Examination  of  Water  from  Mannas  Pond,  Sharon. 

[Partf  per  100,000.] 


Datb  of 

Appbaraxcb. 

Bbaiodb  oh 
Evaporation. 

AXKOmA. 

1 

NXTKOOSII 
AS 

1 

1 

1 

§1 

f 

1 

1 

1 

It 

i 

1 

1 

if 

< 

1 

S 

4348 

IS 

Mar.    8 

99. 

Mar.   8 

Verysligtat. 

VeryiUght. 

0.2 

2.75 

1.10 

1.86 

.0012 

.0140 
.0140 

.24 

.0650 

.0001 

Odor,  very  faint  or  non«.--— The  MUDpie  was  ooUeoted  from  Mann's  Mill  Pond  on  Bapoo  Brook 
Just  below  Massapoag  Lake. 

Water  Supply  op  Shelburnb. 
Description  of  Works.  —  Population  in  1885,  1,614.  The  town 
is  supplied  with  spring  water  from  the  hills  about  the  town  by  sev- 
eral small  aqueduct  companies.  Two  of  these  companies  supply  40 
to  50  families  each  in  the  village  of  Shelbume  Falls.  The  Covell 
Aqueduct  Company  is  one  of  the  principal  companies,  and  first  intro- 
duced water  in  1885.  The  source  of  supply  is  a  spring,  and  water 
is  distributed  by  gravity.  The  distributing  mains  and  service  pipes 
are  of  wrought  iron. 

Water  Supply  op  the  Reformatory  Prison  for  Women  at 

Sherborn. 
This  is  a  supply  to  a  public  institution,  which  has  a  population  of 
about  250  people.  The  source  of  supply  is  Waushakum  Pond  in 
Framingbam.  Water  flows  by  gravity  to  a  pump-well  near  the 
prison,  and  thence  is  pumped  to  an  iron  tank  10  feet  square  and  8 
feet  in  depth  in  the  prison.  This  pond  is  within  the  drainage  area 
of  Lake  Cochituate,  and  therefore  contributes  to  the  water  supply 
of  Boston. 


Chemical  Examination  of  Water  from  a  Faucet  at  the  Reformatory  Prison  for 
Women,  Sherborn,  supplied  from  Waushakum  Pond. 

[Parts  per  100,000.] 


660 


I 


18  97. 
Jane  27   June  28 

July  29  July  27 

Ang.31   Sept.  1 


Appbabaxcb. 


t 


Deetded. 
VerysUght, 
Very  slight. 


None. 
Slight. 
None. 


0.60 
0.36 
0.15 


Rbsidub  oir 

KVAPOBATION. 


4.70 
4.62 
4.13 


1.55 
1.02 
1.08 


8.15 
8.60 
8.06 


.0016 
.0010 
.0004 


.0161 
.0178 
.0200 


NlTROOBir 


.0080 
.0180 
.0000 
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Chemical  ExamincUian  of  Water  from  a  Faucet  at  the  Reformatory  Prison  for 
Women,  Sherbomy  supplied  from  Waushakum  Pond — Concluded. 


DATS  OF 

Rbbiduk  on 

EVAPOBATIOX. 

AMlfOHIA. 

1 

NxxaottEM 

AS 

'?i 

1 

1" 

f 

1 

1 

i 

i 

1 

1^ 

ii 
2 

1 

1058 

18 

Oct.  27 

Oct.  28 

Slight. 

Very  SUght. 

0.20 

4.06 

1.06 

8.00 

.0010 

.0180 

.28 

.0020 

^ 

1285 

Nov.  21 

Nov.  22 

VerytUght. 

SU't,  white. 

0.20 

4.45 

1.20 

3.26 

1.0008 

.0178 

.80 

.0040 

- 

1454 

Dec.  20  1  Dec.  21 

'  Slight. 

Very  slight. 

0.10 

8.80 

0.86 

2.96 

.0006 

.0190 

.28! 

.0030  .0000 

1866 

18  S8. 

Jan.  20  Jon.  21 

Slight. 

Very  Blight. 

0.20 

4.46 

1.45 

3.00 

.0010 

.0204 

.261 

.0120  .0000 

2247 

Apr.  18 

Apr.  19 

SUght. 

^;'£S.'"- 

0.80 

4.00 

0.05 

8.06 

.0016 

.0207 

.25 

.0120!  0003 

2516 

May  26 

May  28 

Slight. 

1 

Very  Blight. 

0.40 

4.25 

i.ao 

2.96 

.0006 
.0009 

.0212 

.0196 

1 

.25 

i 

•"1 

.0030 '.0001 

Av. 

0.23 

4.16 

1.13 

8.03 

.OOOOl.QQOl 

1 

HardneBB  In  May,  1888,  2.0.  Odor,  very  faint  or  none.— The  samplee  were  collected  from  a  faaeet 
at  the  pumping  station  while  pamplng,  with  the  exception  of  Nos.  1464  and  1666,  which  were  collected 
f^om  faaceta  In  the  building,  and  No.  660,  which  was  collected  from  the  pond  Itself. 


Microscopical  Examination* 


1888. 


March. 


April. 


May. 


1.  Blue-green  Algie, 

2.  Other  Alg8D,      . 
8.  Fungi, 

4.  Animal  Forms, . 


0.0 
pr. 
0.0 
pr. 


0.0 
pr. 
0.0 
pr. 


0.0 
pr. 
0.0 
0.0 


Groups  and  principal  genera  of  organisms  observed:  2.  Dlatomace»;  Desmldlaeen.    4.  ProtosoA« 


Water  Supplt  of  Somervtlle. 
Desi^iption  of  Works.— Vo^xA^iioxi  in  1885,  29,971.  The  dis- 
tributing system  is  owned  by  the  city.  Water  was  introduced  in 
1867.  The  source  of  supply  is  Upper  Mystic  Lake.  For  a  descrip- 
tion of  the  source  of  supply  and  analyses  of  the  water,  see  Boston, 
Mystic  Works. 
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Water  Supply  of  Southbbidgb,  —  Southbbidge  Water 

Company. 
Description  of  Works. — Population  in  1885,  6,500.  The  works 
are  owned  by  the  Southbridge  Water  Company,  and  were  built  in 
1880.  About  100  families  were  supplied  in  1887.  The  source  of 
supply  is  a  reservoir  on  a  small  brook  in  Southbridge.  The  area  of 
this  reservoir  is  about  five  acres.  Portions  of  it  are  very  shallow, 
and  the  bottom  is  generally  muddy.  The  watershed  is  said  to  con- 
tain about  200  acres,  and  consists  mostly  of  pasture  and  woodland. 
Water  is  distributed  by  gravity.  Distributing  mains  are  of  cast 
iron.     Service  pipes  are  of  wrought  iron  coated  with  tar. 

Chemical  Examination  of  Water  from  a  Drinking  Fountain  in  Southbridge^ 
supplied  from  the  Works  of  the  Southbridge  Water  Company. 

[ParU  per  100,000.] 


DATS  OF 

Appbarakcb. 

Rbsidub  on 

XTAP0BATI03I. 

Ammonia. 

1 

Ninoosv 

AS 

1 

1 

il 

f 

1 

1 

1 

§1 

1 

1 

11 

1 

S 

216 

18 

JaDe28 

•7. 

Jane  20 

DlaUnct. 

SU't,  white. 

0.45 

8.80 

1.25 

2.55 

.0028 

.0248 

.18 

.0000 

« 

481 

jQly  28 

Jaly  29 

Verysllght. 

BUght. 

0.80 

4.57 

1.55 

8.02 

.0012 

.0231 

.18 

.0050 

- 

644   Aug.  80 

Aag.81 

VeryaUgbt. 

VerysUght, 
brown. 

0.70 

4.22 

1.25 

2.07 

.0081 

.0238 

.10 

.0070 

- 

843   Sept.  22 

Sept.  23 

1 
Verysllght. 

VerysUght. 

0.80 

4.50 

1.35 

8.15 

.0014 

.0198 

.11 

.0080 

- 

lOSO 

OcL  27 

Oct.  28 

Slight. 

8U»t.  white. 

0.80 

4.15 

0.80 

8.35 

.0003 

.0220 

.15 

.0000 

- 

1326 

Dec.    5 

Dec.    6 

VerysUght. 

SU't,brown. 

0.25 

4.20 

1.85 

2.85 

.0002 

.0180 

.19 

.0020 

- 

1504 

Dee.  20 

Dec.  80 

Slight. 

None. 

o.ao 

8.75 

0.90 

2.85 

.0027 

.0159 

.21 

.0050 

- 

1609 

18 

Jan.  30 

88. 
Jan.  81 

VerysUght. 

VerysUght. 

0.20 

3.80 

0.75 

2.55 

.0038 

.0094 

.09 

.0080 

.0000 

M17 

Feb.  28 

Mar.   1 

Distinct. 

Verysllght, 
white. 

0.30 

8.20 

0.75 

2.45 

.0080 

.0118 

.14 

.0060 

.0001 

2114 

Mar.  27 

Mar.  28 

Verysllght. 

None. 

0.20 

2.40 

0.80 

i.ao 

.0002 

.0122 

.15 

.0050 

.0001 

2S24 

Apr.  27 

Apr.  80 

Slight. 

8U»t,brown. 

0.10 

2.85 

0.65 

1.70 

.0018 

.0140 

.14 

.0050 

.0000 

2S86 

May  29 

May  81 

Slight. 

Sirt,brown. 

0.30 

8.00 

0.85 

2.15 

.0008 

.0156 

.10 

.0030 

.0001 

2690 

Jane  28 

Jane  29 

DteUnet. 

SU>t,bn)wn. 

0.80 

8.85 

1.85 

2.60 

.0004 

.0262 
.0244 

.12 

.0020 

.0000 

2856 

Jal7  27 

Jaly  80 

VerysUght. 

VerysUght. 

0.10 

8.60 

0.70 

2.90 

.0002 

.0280 
.0196 

.08 

.0030 

.0000 

8080 

Aug.  23 

Ang.25 

Verysllght. 

Con., earthy 
and  floo't. 

0.20 

8.50 

1.25 

2.25 

.0004 

.0270 
.0202 

.06 

.0080 

.0000 

a284 

Sept.  27 

Sept.  20 

SUgfat. 

Sll't,  earthy 
and  floc't. 

0.25 

8.66 

1.60 

2.05 

.0012 

.0260 
.0208 

.13 

.0030 

.0003 

8468 

Oct.  38 

Oct.  81 

SUght. 

SUght. 

0.20 

8.40 

1.05 

2.85 

.0006 

.0150 
.0120 

.15 

.0060 

.0002 
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Chemical  EzamiiKUion  of  Water  from  a  Drinking  Fountain  in  SouthMdge, 
supplied  from  the  Works  of  the  Southbridge  Water  Company  —  Concladed. 


Appbasahob. 


Rbbiddk  ov 
evapobatiox. 


Amxovia. 


A 


KiTSOOBV 


8752 
8008 
4127 
4426 
4M4 
4733 

Av. 


Dec.    8 


Deo.  18 


18 

Jan.  22 


Feb.  25 
Mar.  27 
May  1 
May  22 


S8. 

Deo.  11 


Deo.  20 
Jan.  24 
Feb.  27 
Mar.  20 
May  2 
May  24 


Decided. 
SU'ti  milky. 
Very  slight. 
Veiyallfht. 
DUtlncU 
SUght. 


Slight. 


Heavy, 
flocoalent. 

SU't,  white 


Con.,  red- 
dish brown. 

Veryslight. 
Coneid'ble. 
Heavy. 


0.05 
0.15 
0.10 
0.10 

o.io' 

0.10 
0.10 


0.25 


8.05 

4.80 
2.75 


2.46 
8.20 
2.55 
8.10 
8.25 
8.87 


0.75 

0.90 
0.80 


0.60 
1.05 
0.55 
0.95 
1.00 


2.80 

8.40 
1.86 


1.86 
2.15 
2.00 
2.15 
2.25 


1.0] 


2.66 


.0014 
.0002 
.0006 
.0012 
.0000 
.0014 
.0000 


.0152 
.0100 

.0148 
.0104 

.0110 
0084 

0110 
0080 

.0180 


.0170 
0124 

.0234 
0140 


0070 
.0070 
.0080 
.0070 

ooao 

0010 
0040 


.0014 


.0181 


.13 


.0045 


.0008 
.0001 
0000 
0001 
0000 
.0002 

0001 


Hardneas  in  May,  1888, 1.4.    Odor,  faintly  vegetable.-^ The  samples  were  collected  from  a  drink- 
ing fountain  in  the  village. 

Microscopical  ExamincUion, 


1888.                         1 

1889. 

July. 

Aug. 

Sept. 

Oct. 

Dec. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-green  Algce, 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Alg$d 

8.4 

3.4 

0.6 

5.0 

pr. 

pr. 

pr. 

0.3 

0.2 

pr. 

0.1 

3.  Fungi, 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

0.0 

1.0 

4.  Animal  Forms, 

0.8 

pr. 

pr. 

0.0 

0.0 

0.0 

pr. 

pr. 

1.0 

0.2 

0.0 

Qroups  and  principal  genera  of  organisms  observed :  1.  Cyanophyceas.  2.  Palmellaoen,  CAtorv- 
oocciM ;  Zoospores);  Desmidiaoeas;  Diatomaee»,  Synedra ;  Zygnemacea».  3.  SohiBomyoetes,  OrenothHacm 
4.  Protozoa,  2Xnd6rye>n ;  Spongiaria;  Botifera;  Entomostraca. 

Water  Supply  of  South  Hadlet  Falls  Fire  District, 
South  Hadley. 
Description  of  W(yrhs.  — Population  of  the  town  of  South  Hadley 
in  1885,  3,949.  The  works  are  owned  by  the  Fire  District,  and 
were  built  in  1872.  About  500  families  were  supplied  in  1887. 
The  source  of  supply  is  Buttery  Brook  in  South  Hadley,  on  which 
a  small  reservoir  is  built.  The  area  of  the  reservoir  is  about  2 
acres  and  its  maximum  depth  about  12  feet.     The  general  depth  of 
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the  reservoir  is  about  8  feet.  The  bottom  was  cleaned  and  covered 
with  sand  in  1886.  The  upper  portion  of  the  watershed  is  some- 
what swampy,  and  contains  a  few  small  ponds.  The  lower  portion 
is  pasture  land.  Water  is  distributed  by  gravity.  Distributing 
mains  are  of  cast  iron.     Service  pipes  are  of  lead. 

Chemical  Examinalion  of  Water  from  a  Faucet  in  South  Eadley^  supplied  from 
the  South  Hadley  Water  Works, 

[Parts  p«r  100,000.] 


Da«  of 

Appkasahok. 

RSSIDDK  ON 
EVAPOHATIOX. 

AlMOllIA. 

J 

NiTSOOBV 

A8 

9i 

I 

i^ 

f 

1 

1 

1 

4 

1 

1 

1^ 

U 

S 

18S 

18 

Jane  23 

»7. 

June  24 

Decided. 

Oon.,brown. 

0.50 

4.47 

0.87 

3.60 

.0006 

.0143 

.18! 

.0130 

_ 

388 

July  25 

Jnly  26 

Decided. 

SU%earthy. 

1.20 

4.80 

1.67 

3.13 

.0015 

.0221 

.12 

.0160 

- 

fti7 

Aug.  30 

Ang.31 

Very  alight. 

None. 

0.40 

8.65 

0.52 

3.13 

.0000 

.0074 

.13 

.0130 

- 

852 

Sept.  23 

Sept.  24 

Decided. 

Sli't,brown. 

0.80 

8.70 

0.70 

3.00 

.0004 

.0059 

.12 

.0090 

- 

1023 

Oct.  24 

Oet.  25 

Slight. 

8irt,brown. 

0.80 

8.66 

0.55 

3.10 

.0000 

.0042 

.15 

.0100 

" 

1319 

Dec.    2 

Dec.    5 

Decided. 

Very  slight, 
brown. 

0.20 

3.65 

0.85 

2.80 

.0006 

.0076 

.10 

.0200 

- 

14S7 
16M 

Bee.  27 

1» 

Jan.  25 

Deo.  28 

88. 
Jan.  26 

Slight. 
61i%mil]cy. 

VeryaUght. 

0.20 
0.10 

3.55 
8.25 

0.50 
0.85 

3.05 
2.90 

.0022 
.0032 

.0066 
.0048 

.13 

.08 

.0200 
.0050 

.0001 

»13 

Feb.  27 

Feb.  29 

Slighu 

Very  slight. 

0.40 

8.05 

0.95 

2.10 

.0027 

.0084 

.11 

.0150 

.0000 

3113 

Mar.  26 

Mar.  28 

Slight. 

Con.,browD. 

0.40 

8.65 

0.80 

2.85 

.0007 

.0118 

.09 

.0100 

.0000 

3318 

Apr.  25 

Apr.  27 

Slight. 

Con.,brown. 

0.20 

2.00 

0.75 

2.15 

.0002 

.0060 

.11 

.0200 

.0002 

2S31 

May  28 

May  29 

Slight. 

Very  slight, 
earthy. 

0.45 

8.05 

0.60 

2.45 

.0000 

.0064 

.14 

.0080 

.0001 

At. 

0.80 

3.61 

0.76 

2.85 

.0010 

.0089 

.12 

.0133 

.0001 

Hardness  in  May,  1888, 1.2.    Odor,  very  faintly  vegetable. The  samples  were  ooUeeted  from  a 

fiaueet  in  the  village  of  South  Hadley  Falls.    There  were  heavy  rains  Just  previoas  to  the  ooUection  of 
Noa.  188  and  898. 

Microscopical  Examination, 


March.     April.       May, 


1.  Blae-green  Algee, 

3.  Other  AlgsB, 
8.  Fnngi,  . 

4.  Animal  Forma»    . 


0.0 


pr. 
0.0 
0.0 


0.0 
pr. 
0.0 


pr. 


0.0 
0.0 
0.0 
0.0 


Groups  and  principal  genera  of  organisms  observed:    2.  Zoosporeae;  Deemidiacese;  DiatomaeesB. 
4.  Protozoa. 
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Water  Supply  of  Spencer. 
Description  of  Works. — Population  in  1885,  8,247.  The  works 
were  built  in  1883  by  the  Spencer  Water  Company,  and  were  pur- 
chased by  the  town  July  1,  1884.  The  estimated  population  suf>- 
plied  in  1886  was  about  6,000.  The  source  of  supply  is  Shaw 
Pond  in  Leicester.  The  area  of  the  pond  is  67  acres.  About  one- 
third  of  it  is  less  than  10  feet  in  depth  at  high  water.  There  is  a 
dam  at  the  outlet  of  the  pond.  The  watershed  of  the  pond  is  said 
to  consist  principally  of  pasture  land  with  a  small  amount  of  wood- 
land. Its  area,  exclusive  of  the  area  of  the  pond,  is  about  155 
acres.  Water  is  distributed  by  gravity.  Distributing  mains  are  of 
wrought  iron  lined  with  cement.  Service  pipes  are  of  galvanized 
iron.  In  1886  there  were  complaints  of  a  disagreeable  taste  and 
odor  in  the  water  supplied  to  consumers. 

Chemical  Examination  of  Water  from  a  Faucet  in  Spencer,  supplied  from 

Shaw  Pond. 

[Parts  per  100,000.] 


Datb  of 

Appbabahcb. 

Rbsidub  on 

EVAPOSATIOH. 

AXXOMIA. 

s 

1 

s 

NlTBOGKH 
A8 

Sz; 

1 

1' 

1 

1 

1 

gl 

1 

1 

< 

1 

S 

112 
441 
519 
866 
978 
1863 

1912 

18 

June  16 

Jnly  29 
Aug.  11 
Sept.  26 
Oct.  18 
Dec.    8 

18 

Feb.  29 

Jane  16 
Jnly  29 
Ang.ll 
Sept.  28 
Oct.  19 
Dec.    9 

88. 

Feb.  29 

SU't.  milky. 

None. 

SUght. 

VeryaUght. 

SUght. 

VeryiUght. 

VeryaUght. 

Sll*t,  brown. 

None. 

VeryaUght. 

None. 

None. 

None. 

None. 

0.00 

1 

0.06 

0.16' 

1 
0.00 

1 
0.00 

0.00 

i 

0.00 

3.82 
2.86 
2.80 
2.75 
2.20 
2.80 

2.00 

1.20 
0.47 
1.06 
0.90 
0.60 
1.06 

0.80 

0. 

2.12 
2.38 
1.76 
1.86 
i.70 
1.26 

1.80 

.0013 
.0007 
.0002 
.0006 
.0000 
.0010 

.0012 

.0116 
.0113 
.0152 
.0177 
.0144 
.0126 

.0124 

.0136 

.18 
.12 
.20 
.09 
.16 
.16 

.16 

.0000 
.0070 
.0130 
.0030 
.0090 
.0060 

.0070 

.OOoO 

.0001 

Av. 

0.03 

2.69 

1.84 

.0007 

.14 

Odor,  very  faintly  vegetable.  — ^  The  aamplea  were  collected  from  a  faucet  In  the  vUlage. 

Water  Supply  of  Springfield. 
Description  of  Works.  — Population  in  1885,  37,575.  The  works 
are  owned  by  the  city,  and  were  constructed  in  1874  and  1875.  The 
average  daily  consumption  in  1888  is  estimated  to  have  been  4,000,- 
000  gallons.  The  main  source  of  supply  is  a  storage  reservoir  in 
the  town  of  Ludlow.     When  full,  this  reservoir  has  an  area  of  445 
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acres,  and  contains  1,992,000,000  gallons.  Its  maximum  depth  is 
about  24  feet  and  its  average  depth  13.7  feet.  Of  the  area  flowed 
by  the  reservoir  281  acres- were  covered  with  wood  in  various  stages 
of  growth.  A  part  of  this  area  was  low,  swampy  land,  —  the  mud 
or  peaty  deposit  ranging  from  6  inches  to  4  feet  in  depth.  These 
peaty  areas  are  not  less  than  12  feet  below  high- water  mark,  and 
most  of  them  are  as  much  as  16  feet  below.  The  stumps  were  cut 
low  and  all  wood  and  brush  was  burned,  and  the  stumps  were 
charred.  Six  and  three-eighths  acres  of  the  most  objectionable 
portion  of  the  swamp  were  sanded  over  to  a  depth  of  nearly  1.5  feet. 
The  shores  are  as  a  rule  abrupt,  the  exception  to  the  rule  being  at 
the  upper  end  of  the  reservoir,  where  a  comparatively  small  area  is 
quite  shallow. 

The  Ludlow  Reservoir  is  fed  by  a  direct  watershed  of  1,188  acres, 
exclusive  of  the  reservoir.  On  the  west  it  receives  water  from 
Higher  Brook  through  a  canal  about  one  mile  in  length.  The  water- 
shed of  Higher  Brook  at  the  point  where  its  water  is  diverted  is 
1,119  acres.  On  the  easterly  side  water  is  brought  into  the  reservoir 
by  the  Broad  Brook  Canal,  which  is  about  12,000  feet  in  length. 
Until  Nov.  30,  1886,  this  canal  brought  water  from  the  Belchertown 
Reservoir,  a  shallow  body  of  water  of  about  25  or  30  acres,  formed 
by  a  dam  which  also  floods  a  large  area  of  swampy  land  on  the  brook 
above  the  reservoir  to  a  very  slight  depth.  As  it  was  thought  that 
the  water  from  this  reservoir,  and  the  swampy  land  above  it,  had 
an  injurious  effect  upon  the  water  in  the  Ludlow  Reservoir,  the  canal 
was  extended  and  altered  so  as  to  intercept  only  the  north-western 
branch  of  Broad  Brook,  which  is  known  locally  as  Axe-Factory 
Brook,  the  water  of  Belchertown  Reservoir  being  allowed  to  run  to 
waste.  The  area  of  the  Axe-Factory  Brook  watershed  at  the  point 
of  diversion  is  1,655  acres.  The  total  watershed  now  tributary  to 
Ludlow  Reservoir  is  4,358  acres.  Previous  to  Nov.  30,  1886,  the 
total  watershed  was  6,484  acres.  These  areas  contain  only  a  very 
small  population. 

Water  is  conveyed  from  Ludlow  Reservoir  to  the  city  through  a 
24-inch  cement-lined  wrought-iron  pipe.  The  higher  districts  are 
supplied  directly  from  the  Ludlow  Reservoir.  The  lower  districts 
are  supplied  chiefly  with  Ludlow  water,  which  is  turned  into  two 
distributing  reservoirs,  known  as  the  Van  Horn  and  Lombard 
reservoirs. 

The  Van  Horn  Reservoir  is  separated  into  two  sections  by  a  road 
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which  crosses  it,  and  the  sections  are*  known  respectively  as  the 
Upper  and  Lower  Van  Horn  resei*voirs.  Upper  Van  Horn  Reservoir 
has  an  area  of  about  9.5  acres,  and  its  capacity  at  high  water  is 
28,000,000  gallons.  Its  maximum  depth  is  23  feet.  Lower  Van 
Horn  Reservoir  has  an  area  of  13.5  acres,  and  its  capacity  is  74,000,- 
000  gallons.  Its  maximum  depth  is  30  feet.  The  Upper  and  Lower 
Van  Horn  reservoirs  are  connected,  and  are  operated  as  one  reser- 
voir. This  reservoir  has  a  considerable  watershed  of  its  own,  esti- 
mated at  250  acres  more  or  less,  mostly  an  elevated  sandy  plain, 
from  which  much  of  the  water  enters  the  reservoir  by  filtration 
through  the  ground.  The  Ludlow  water  is  supplied  to  this  reservoir 
through  an  8-inch  pipe  which  ends  in  a  ditch  in  the  elevated  sandy 
plain  beside  the  reseiToir.  The  water  is  allowed  to  flow  through 
this  ditch  for  a  distance  of  about  500  feet,  and  then  flows  swiftly 
through  a  trough  having  a  steep  grade,  and  at  the  end  falls  about  10 
feet. 

Lombard  Reservoir  has  an  area  of  nearly  three  acres,  and  its 
capacity  is  about  9,000,000  gallons.  It  also  has  a  small  drainage 
area  of  its  own  which  is  similar  to  that  of  the  Van  Horn  Reservoir. 

The  distributing  mains  originally  laid  were  of  wrought  iron  lined 
with  cement,  but  cast  iron  is  now  used  for  extensions  and  in  all  cases 
where  it  becomes  necessary  to  relay  existing  mains.  Service  pipes 
are  of  wrought  iron  coated  with  tar. 

From  the  year  of  the  first  introduction  of  Ludlow  water  into 
Springfield  to  the  present  time  the  water  in  the  summer  has  had  a 
disagreeable  taste  and  odor.  This  trouble  was  specially  investigated 
in  the  summer  and  autumn  of  1889,  and  will  be  discussed  in  a 
subsequent  portion  of  this  report. 


Chemical  ExamincUion  of  Water  from  Ludlow  Reservoir,  Springfield 
Water  Works. 

[Parts  per  100,000.] 


SI 


Appbaraxcb. 


I 


Rksiduk  oh 
Evaporation. 


n 


&B 


KiTKoojur 

AS 


409 
610 


Jane  24 
July  26 
Aug.  25 


19  87. 

June  27 


July  27 
Aug.  26 


Slight. 
SUght. 
Distinot. 


Slight. 
Very  slight, 
Very  slight, 


0.25 
0.20 
0.50 


1.00 


1.05 


.0004 
.0114 
.0085 


.0304 
.0200 
.0910 


0000 

,0020 


.20  .0030 
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Chemical  Examination  of  Water  from  Ludlow  Reservoir,  Springfield  Water 

Works — Concluded. 


Date  or 

Appsajuucb. 

RiMIDDK  OV 
BVAPORATIOX. 

NiTROGKN 
AS 

'A 

j 

ji 

i 

«j 

1 

1 

sl 

1 

1 

.1 

< 

'A 

2 

ate 

18 

Sept.  20 

87. 

8ept.21 

DiaUnct. 

Conald'ble. 

0.30 

4.10 

1.60 

2.50 

.0009  .0610 

.11 

i 

.0030 

. 

1038 

Oct.  24 

Oct.  26 

DiaUnoi. 

Slight. 

0.10 

4.45 

2.40 

2.05 

.0000  1.0684 

1            1 

.12 

.0000 

- 

1263 

Nov.  28 

Nov.  29 

1  DiBtiOOt. 

Slit,  white. 

0.20 

3.15 

1.20 

1.95 

.0000 

.03001 

.19 

.0030 
.0020 

- 

148S 

Dec  27 

Dec.  28 

;  VeryaUght. 

Very  slight. 

0.15 

2.95 

1.45 

1.50 

.0000 

.03021 

1 

.13 

- 

1691 

18 

Jaa.  25 

88. 

Jan.  26 

] 
Decided. 

0.30 

4.30 

2.10 

2.20 

.0000 

.0500 

.08 

.0060 

.0000 

law 

F^b.  27 

Feb.  28 

DlsUnct. . 

None. 

0.20 

8.70 

1.75 

1.95 

.0023 

.0314; 

.15 

.0090 

.0000 

2110 

Mar.  26 

Mar.  28 

Diatlnot. 

Very  slight. 

0.20 

2.25 

0.85 

1.40 

'.0054 

.0228 

.10 

.0030 

.0000 

2304 

Apr.  25 

Apr.  26 

Distinct. 

Veryslight, 
green. 

0.15 

2.85 

1.00 

1.85 

Lo059 

i 

.0245 

1 

.11 

.0030 

.0001 

2307 

Uay  24 

May  25 

Decided. 

VeryaUght. 

0.20 

3.10 

1.15 

1.95 

.0000 

1 

.0238 
.0164 

.12 

.0080 

.0003 

2671 

June  25 

Jane  27 

Distinct. 

SUght. 

0.10 

2.50 

0.95 

1.55 

1 

.0246 
.0222; 

.11 

.0070 

.0000 

2S27 

Jaly  23 

July  25 

DIaUnct. 

81i't.yellow. 

0.10 

2.70 

1.05 

1.65 

.0042 

.0332! 

.0220; 

.13 

.0020 

.0001 

2005 

Aug.  20 

Aug.  21 

Distinct. 

Con  .|  green . 

0.05 

f.ao 

0.95 

1.85 

.0006 

.0486 
.0198 

.09 

.0080 

.0004 

3253 

Sept.  24 

Sept.  25 

Slight. 

Con.,  green. 

0.00 

t.85 

1.80 

1.55 

.0000 

1 

.0428 
.0206 

.12 

.0020 

.0002 

3432 

Oct.  22 

OcU  24, 

Slight. 

Con .,  green . 

0.05 

2.50 

1.10 

1.40 

.0010 

.0440 
.0228 

.12 

.0030 

.0001 

3500 

Nov.  22 

Nov.  23 

Distinct. 

Slight. 

0.10 

2.60 

1.85 

1.25 

.0022 

t 

.0284 
.0182 

.13 

.0100 

.0002 

3747 
3906 

Dec.  IS 

18 

Jan.  22 

Dec.  19 

8». 

Jan.  24 

DUtlnct. 
Distinct. 

Sirt,  green. 
Sli't,  green. 

0.15 
0.05 

2.75 
2.10 

0.90 
1.00 

1.86 
1.10 

.0000 
.0002 

.0242 
.0164 

.0232 
.0166 

.13 
.10 

.0050 
.0030 

.0002 
.0004 

41S4 

Feb.  27 

Feb.  28 

Slight. 

Sirt,  white. 

0.10 

2.65 

1.80 

1.85 

.0000 

.0268 
.0196 

.13 

.0020 

.0008 

4400 

Mar.  26 

Mar.  27 

Slight. 

Con.,  light 
green. 

0.20 

2.30 

1.05 

1.25 

.0002 

.0224 
.0180: 

.08 

.0030 

.0002 

4565 

Apr.  23 

Apr.  24 

Slight. 

Con.,green. 

0.05 

2.46 

1.00 

1.45 

.0000 

.0274 
.0166 

.09 

.0030 

.0002 

4652 

ITay  13 

May  14 

Distinct. 

Conald'blo. 

0»5 

2.70 

1.15 

1.55 

.0002 

.08441 
.0178 

.10 

1 

.0150 

.0003 

4609 

If ay  20 

May  21 

Decided. 

Con.,  light 
green. 

0.00 

2.50 

0.95 

1.55 

.0046 

.0468 
.0204 

.11 

.0030 

.0001 

4748 

May  27 

May  28 

Decided. 

Heavy. 

0.10 

- 

- 

.0000 

.0702 
.0224 

.10 

.0030 

.0006 

At. 

0.16 

8.45 

1.52 

1.93 

.0019 

.0381 

1 

.12 

.0039 

.0002 

Hardness  in  May,  1888, 1.1. The  samples  were  collected  from  the  reservoir  at  the  frate-house. 

For  a  record  of  heighu  of  water  in  this  reservoir  at  times  when  samples  of  water  were  collected  for 
•aalysia,  see  page  300. 


Digitized  by 


Google 


300 


WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


Microscopical  Examination. 

1888. 

1888. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nof. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

M*y. 

3I*y. 

May. 

1.  Blue-green  Algn, 

0.4 

3.0 

6.4 

0.4 

8.6 

0.0 

0.0 

0.0 

0.0 

0.0 

0.5 

0.7 

0.2 

3.8 

2.  Other  Algn, . 

2.5 

3.8 

0.1 

0.4 

6.8 

38.2 

22.0 

84.0 

8.1 

63.0 

86.3 

0.8 

17.6 

0.0 

8.  Fungi,   .... 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forma»    . 

pr. 

1.6 

pr. 

pr. 

0.0 

0.8 

0.1 

0.0 

1.2 

2.4 

1.5 

pr. 

3.1 

0.0 

Groupi  and  principal  genera  of  organiama  obaerved :  1.  Cyanophyoeas,  CkUhrocysHi,  Anabana. 
2.  PalmellaceaB;  Zoosporeas,  Raphidium,  Scenedesmua ;  DesraidiaeesB,  Staurcutrutn ;  Diatomaeeae, 
Mterloneiiat  MeloHirOt  Stephanodiftcu»t  Si/nedra,  Tabellaria;  VolvocLnesB.  4.  Protozoa,  JHnobryon, 
TracAelomonae ;  8ponglaria;  Botlfera;  Bntomoetraca. 


Record  of  Heights  of  Water  in  Ludlow  Reservoir  at  Times  when  Samples  of  Water 

were  collected  for  AiuUysis, 

Note  :  Height  of  rollway,  23.00  feet. 


DATE. 


1887. 
June  24,      . 
July  26,      . 
Auguat  25, . 
September  20,    . 
October  24, 
November  28,    . 
December  27,    . 

1888. 
January  25, 
February  27, 
March  26,  . 
April  25,  . 
May  24.  . 
June  25,      .       .       . 


Height  of 
Water. 


21.80 
21.00 
20.62 
19.75 
18.00 
18.52 
19.00 

19.88 
20.68 
21.82 
23.10 
23.00 
28.42 


1888. 

July  23,     . 
August  20, 
September  24,    . 
October  22, 
November  22,    . 
December  18,     . 

January  22, 
February  27, 
March  26,  . 
April  23,  . 
May  13,  . 
May  20,  . 
May  27,      . 


Height  of 
Water. 


21.48 
20.56 
20.58 
21.14 
21.58 
22.00 

21.60 
20.05 
21.12 
21.12 
20.81 
20.58 
20.61 


Chemical  Examination  of  Water  from  Ludlow  Reservoir^  at  a  Depth  of  Six  Feet 

beneath  the  Surface, 

[Parts  per  100,000.] 


Datr  of 

Appkarakcb. 

Rksidur  ox 
Evaporation. 

i 

NiTROOXN 

Afl 

"i 

^ 

^     ^ 

1 

1 

1 

i 

h4 

i 

i 

|S 

1 

s 

1 

4566 
4656 
4700 
4749 

18 

Apr.  23 

May  13 
May  20 
May  27 

80. 

Apr.  24 

May  14 
May  21 
May  28 

Sllg^« 
Distinct. 
DiBtlnct. 
Decided. 

Con.,  green. 

Slight. 

Heavy, 
light  green. 

Htiavy. 

o.y 

0.05 
0.00 
0.10 

0.06 

2.85 
2.40 
2.40 

0.85 
1.10 
0.90 

1.50 
1.80 
1.50 

.0000 
.0000 
.0006 
.0002 

.0858 
.0162 

.0346 
.0180 

.0532 
.0204 

.0000 
.0214 

.10 

.«, 

.10 
.10 

1 

.10 

.0020 
.0030 
.0020 
.0020 

.0003 
.0002 
.0000 

Av. 

2.88 

0.95 

1.48 

.0002 

.0484 
.0190 

.0023  .0003 

The  samples  wore  collected  from  the  centre  of  the  reservoir  from  4  to  6  feet  beneath  the  surface. 
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Mieroseopieal  Examination. 


1889. 

Apr. 

May. 

May. 

May. 

1.  Blae-green  AlgsB, 

0.5 

0.8 

3.7 

2.4 

2.0th«rAlj«, 

71.0 

0.2 

0.9 

0.1 

«.FnBgi • 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Formfl, 

1.8 

pr. 

pr. 

0.0 

Groapi  and  principal  genera  of  organisms  observed :    1 .  Cyanop 

byeen,  Anabcma 

2.  Zoo 

sporeie; 

Desmldiacea;   I>latomaee»»  Artertonelia,  Melo9ira,   Synedra.     4.  Protozoa,  Dinobryon;   Rotlfera; 
Bntomostmca. 


Chemical  ExamiruUion  of  Water  from  Ludlow  Reservoir^  collected  18  Feet 
beneath  the  Surface. 

[Farts  per  100«000.] 


Date  or 

Appkabauck. 

Rksidck  ox 
Evaporation. 

Axxonia. 

i 

1 

NITBOOBX 
AS 

1 

1 

|l 

1 

i 

8 

H 

§1 

1 

1 

il 

i 
1 

^ 

4«M 

4701 
47S0 

May  13  May  14 
May  20  May  21 
May  27  May  28 

Slight. 

Distinct. 

Distinct. 

Consld'ble. 

Heavy, 

light  green. 

Heavy. 

0.10 
0.00 
0.20 

2.35 

f.ao 

1.05 
0.90 

1.30 
1.90 

.0080 
.0044 
.0138 

.0071 

.0226 
.0168 

.0328 
.0174 

.028S 
.0170 

.12 
.11 
.12 

.12 

.0020 
.0030 
.0020 

.0002 
.0001 
.0006 

Av. 

1 

0.10 

- 

- 

- 

.0281 
.0171 

.0023 

.0003 

1 

The  samples  were  collected  from  the  middle  of  the  reservoir. 


Microscopical  Examination. 


May  13.       May  21.       May  28. 


1-  Blne-green  Alga, 
lOlherAlg*, 
8.  Faagl, . 


4-  Animal  Forms, 


0.2 
62.0 
0.0 
pr. 


2.8 
4.2 
0.0 
pr. 


0.4 
0.6 
0.0 
0.0 


Groups  and  principal  genera  of  organisms  observed  :    1.  CyanophycesB,  Anabana.    2.  Zoosporeas, 
Scfii«|««mu4;  DeamldiAce»;  Dlatomaces,  A^terioneUut  Melosira,    4.  Protozoa;  Bntomostmca. 
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[Dec. 


Chemical  Examination  of  Water  from  Broad  Brook  Canal  near  the  point  where 
it  enters  Ludlow  Reservoir, 

[Parts  per  100,000.] 


Date  or 

Appbarakcb. 

Rksidub  oh 
Evaporation. 

Ajcxonia. 

i 

I 

NiTROOBX 
AS 

s 

1 

i 

& 

2 

1 

1 

1 

§1 

|6 

^ 

1 

1^ 

» 

«' 

4568 
4747 

18 

Apr.  23 

May  27 

89. 

Apr.  24 

May  28 

Blight. 
VeryaUght. 

Slight, 
flocculent. 

Very  alight. 

0.6 
0.8 

8.85 
4.20 

1.10 
1.85 

2.25 
2.85 

.0012 
.0022 

.0228 
.0172 

.0206 
.0188. 

.12 
.07 

.0020 
.0080 

.0002 
.0006 

Odor,  faintly  vegetable. 

Microscopical  Examination, 

April,  1889.    1.  Blue-green  algSB,  0.0;    2.  Other  alg»,  8.1;   8.  Fungi,  0.0;    4.  Animal  forms,  0.0. 
May,  1880.    1.  Blue-green  algSB,  pr.;  2.  Other  alga),  0.4 ;   8.  Fungi,  0.0;    4.  Animal  forms,  0.0. 
Groups  and  principal  genera  of  organisms  obaerved:     1.  Gyanopbycess.    2.  Palmellacea;  Dia- 
tomaccdb,  Tabellarict, 


Chemical  Examination  of  Water  from  Higher  Brook  Canal  near  the  point  where 
it  enters  Ludlow  Reservoir, 

[Parts  per  100,000.] 


Datb  or 

Appbaeavcb. 

Rkbiddb  oh 

EVAPORATIOX. 

Ammokia. 

j 

NlTRO«BX 
AS 

'A 

8 

P 

f 

•J 

|. 

i 

1 

1 

|l 

1 

§c 

4664 
4746 

18 

Apr.  23 

May  27 

88. 

Apr.  24 

May  28 

Very  slight. 
None. 

Very  slight. 
Very  slight. 

1 
0.7 

1 
0.7 

2.56 

0.85 
..65 

1.80 
1.80 

.0002 
.0032 

.0144 
.0124 

.0212 
.0158 

.07 
.06 

.0020 
.0020 

.0002 
.0006 

Odor,  faintly  vegetable. The  samples  were  collected  from  the  canal  100  feet  from  ita  entrance  to 

Ludlow  Reservoir. 

Microscopical  Examination. 

April,  1888.    1.  Blue>greenalgsB,  0.0;  2.  Other  algae,  0.7 ;  8.  Fungi,  0.0;  4.  Animal  forma,  0.0. 
May,  1889.    1.  Blue-green  algee,  0.0;   2.  Other  algas,  0.2 ;   3.  Fungi,  0.0;   4.  Animal  forms,  0.0. 
Oroupaand  principal  genera  of  organiams  observed :    2.  Desmidiace»;  DlatomacesB. 
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Chemical  Examination  of  Water  from  Lombard  Reservoir,  Sprinqfield. 

CPaiti  per  100,000.] 


Datb  of 

Appbarahcb. 

Rbbiddi  on 

EVAPOBATION. 

AXMOXIA. 

i 

Nitrogen 

A8 

& 

j 

& 

^ 

«j 

1 

I 

4 
1-^ 

c 

1 

1 

?H 

1 
1 

190 

IS 

JmeU 

87. 

June  25 

Slight. 

None. 

0.00 

8.57 

0.97 

2.60 

.0007 

.0181 

.22 

.0000 

_ 

4V7 

Joly25 

Jaly  27 

Slight. 

Con.,e*rthy. 

0.10 

8.58 

0.27 

8.81 

.0009 

.0154 

.28 

.0000 

- 

«S0 

Aug.  24 

Ang.2d 

Very  slight. 

None. 

0.00 

3.22 

0.72 

2.50 

.0010 

.0168 

.22 

.0000 

- 

838 

Sept.  20 

Sept.  21 

Slight. 

Conaid»ble. 

0.08 

8.80 

0.05 

3.15 

.0004 

.0016 

.10 

.0000 

- 

1087 

Oct.  24 

Oct.  28 

Slight. 

Slight. 

0.20 

8.70 

0.70 

8.00 

.0000 

.0114 

.33 

.0070 

- 

1262 

Nov.  28 

Nov.  29 

Slight. 

Sll»t,  white. 

0.10 

8.80 

0.70 

8.10 

.0000 

.0086 

.41 

.0150 

- 

1432 

Dee.  27 

Deo.  28 

VerysUght. 

None. 

0.10 

4.05 

0.80 

3.25 

.0000 

.0138 

.36 

.0120 

.0002 

1690 

18 

Jan.  25 

88. 
Jan.  20 

Dlstioot. 

Very  slight. 

0.10 

4.10 

0.95 

8.15 

.0020 

.0146 

.20 

.0300 

.0001 

1808 

Feb.  27 

Feb.  28 

Slight. 

None. 

0.15 

2.75 

0.50 

2.25 

.0062 

.0113 

.18 

.0180 

.0001 

2109 

Mar.  26 

Mar.  28 

Diitinct. 

Slight. 

0.20 

8.00 

0.60 

2.50 

.0047 

.0190 

.16 

.0150 

.0010 

2303 

Apr.  25 

Apr.  28 

DUtinct. 

Verytlight. 

0.00 

2.95 

0.05 

2.80 

.0000 

.0086 

.23 

.0250 

.0003 

2S06 

May  21 

Hay  25 

Distinct. 

Slight. 

0.10 

2.85 

0.75 

2.10 

.0024 

.0134 

.20 

.0180 

.0003 

Av. 

0.09 

8.45 

0.08 

2.77 

.0015 

.0175 

.24 

.0117 

.0008 

HanlDeM  in  May,  1888, 1.1.    Odor,  vegetable  and  often  mouldy  and  disagreeable.- 
fvere  collected  from  the  reservoir  near  the  surface. 


-The  samples 


Microscopical  ExamincUion, 


1888. 


March. 


April. 


May. 


X.  Blne-green  Alga, 
2.  Other  Alg»,     *  . 
S.  Foogi, 
4.  Animal  Forms,  . 


0.0 


pr. 
0.0 


pr. 


0.0 
pr. 
0.0 
pr. 


0.0 
pr. 
0.0 
pr. 


Oronps  and  principal  genera  of  organisms  observed :    2.  Palmellacea;  Desmidlaceae;  Dlaton 
4.  Protosoa. 
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[Dec, 


Chemical  Examination  of  Water  from  Van  Horn  Reservoir,  Springfield. 

[Parts  per  100,000.] 


Date  of 

Afpicaiunck. 

Rbsidub  oir 

EVAPORATIOir. 

AXXOVIA. 

i 

,  NrraoGEs 

Si 

j 

Turbidity. 

j 

1 

1 

il 
1-^ 

1 

1 

il 

< 

'  s 

s 

106 

18 

June  24 

8T. 

Jane  25 

Decided. 

Slight. 

0.60 

8.32 

1.15 

2.17 

;.oooo'.0829 

1 
.17    .0000 

. 

408 

July  25 

July  27 

1  Decided. 

VerysUght. 

0.10 

3.00 

1.30 

2.30 

.0065.. 0461 

.17 '.0000 

- 

d22 

Aug.  24 

Ang.27 

'  Decided. 

None. 

0.25 

3.07 

1.56 

..« 

.0082 

.0574 

.22    .0000 

- 

827 

Sept.  20 

Sept.  21 

1  DLsUnct. 

Slight. 

0.05 

8.60 

0.06 

2.65 

.0200 

.0371 

.14  |;. 0080 

- 

1030 

Oct.  24 

Oct.  26 

Slight. 

Slight. 

0.20 

3.30 

0.80 

,.«, 

.0324 

.0242 

.17  ".0200 

II 
.19  ..0300 

- 

1264 

Nov.  28 

Not.  20 

Distinct. 

1 

SU't,  white. 

0.05 

8.65 

1.15 

2.40 

.0200 

.0232 

- 

1484 

Dec.  27 

Dec.  28 

Slight. 

Slight. 

0.10 

3.76 

1.50 

2.25 

.0184 

.0233 

.20 

.0400 

.0002 

1602 

18 

JaD.  25 

88. 
Jan.  26 

DiaUnct. 

0.10 

4.05 

1.65 

2.40 

.0087 

.0360 

.15 

.0180 

.0001 

1000 

Feb.  27 

Feb.  28 

Distinct. 

VerysUght. 

0.20 

2.05 

1.05 

1.00 

.0166 

.0100 

.16 

.0300 

.0003 

2111 

Mar.  27 

Mar.  28 

DUtlnct. 

Sll%  dark 
brown. 

0.20 

3.00 

0.76 

2.25 

.0001 

1 

.0280 

.14 

.0180 

1 

.0002 

2305 

Apr.  26 

Apr.  26 

Distinct. 

VerysUght, 
white. 

0.10 

8.00 

0.70 

2.80 

1 
.0064 

.0180 

.16 

.0400 

.0002 

2608 

May  24 

May  '25 

Diatinct. 

VerysUght. 

0.10 

2.66 

0.75 

1.00 

.0006 

.0180 

.11 

.0180 

.0005 

2820 

July  23 

July  25 

Slight. 

SU't,  white. 

0.00 

2.60 

0.70 

1.90 

.0002 

.0184 
.0130 

.16 

.0000 

.0001 

8746 
S005 

Dec.  18 

18 

JaD.  22 

Dec.  10 

80. 

Jan.  24 

Distinct. 
Distinct. 

Sl%  earthy. 
SU't.  white. 

0.20 
0.00 

2.80 
2.90 

1.20 
0.75 

1.60 
2.15 

.0124 
.0060 

.0182 
.0120 

.0180 
.0146 

.16 
.13 

.0800 
.0300 

.0005 

.oooa 

4168 

Feb.  27 

Feb.  28 

VerysUght. 

SU't,  white. 

0.06 

2.95 

1.05 

1.90 

.0060 

.0208 
.0160 

.16 

.0280 

.0000 

4401 

Mar.  26 

Mar.  27 

Slight. 

Con.,white. 

0.10 

2.95 

0.95 
1.11 

2.00 

.0018 

.020S 
.0140 

.00 

.0280 

.0002 

Av. 

0.14 

8.40 

2.29 

.0008 

.0268! 

.16 

.0201 

.0002 

1 

Hardness  in  May,  1888, 1.1.    Odor,  vegetable,  occasionally  mouldy. The  samples  were  coUected 

from  the  reservoir  at  depths  .varying  from  6  inches  to  2  feet  beneath  the  surface. 


Microscopital  Examinalion. 


1888. 

1889. 

July. 

Dec. 

Jan. 

Feb. 

Mar. 

1.  Blue-green  Alg», 

pr. 

0.0 

0.0 

0.0 

0.0 

2.  Other  Alga 

4.6 

8.0 

8.8 

1.4 

6.5 

8.  Pungl, 

0.7 

0.0 

0.0 

pr. 

0.0 

4.  Animal  Forms 

0.1 

0.0 

1.6 

0.3 

0.4 

Groups  and  principal  genera  of  organisms  observed:  1.  OyanophycesB.  2.  Palmellaceee,  Chloroeoccu*^ 
Zoosporen;  Desmldlacess ;  Diatomacese,  AtttrioneiUit  MeloHra,  Staurogenia.  8.  SchlzomycetM. 
4.  Protozoa;  Rotifera;  Entomostraoa. 
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CSiemical  Examination  of  Water  from  a  Faucet  in  Springfield,  supplied  from  the 

Ludlow  Reservoir. 

[Part*  per  100,000.] 


Datk  o» 

Afpsarakcx. 

Rksiddr  ox 
Evaporation. 

Ammonia. 

1 

NiTXOOBV 
AS 

a 

ai 

1^ 

f 

1 

1. 

1 

4 

1 

1 

1^ 

1 

S 

197 

1 

18  87. 

June  24   June  25 

1 

Decided. 

Consld'ble. 

0.70 

4.97 

2.10 

2.87 

.0095 

.0634 

.13 

.0000 

_ 

410   Jaly  26  [  July  27 

Decided. 

Consid*ble. 

0.30 

- 

- 

- 

.0025 

.0257 

.13 

.0330 

- 

621 

Aug.  24 

Aug.  27 

Decided. 

Slight. 

0.50 

4.00 

1.85 

2.15 

.0284 

.0612 

.18 

'.0130 

- 

829 

Sept.23 

Sept.  24 

Dedded. 

H*vy,e'nhy 
and  floc't. 

0.20 

4.25 

1.70 

2.55 

.0030 

.0641 

.11 

.0100 

- 

1040 

Oct.  24 

Oct.  26 

Slight. 

Heavy, 
green. 

0.05 

10.15 

7.05 

8.10 

.0022 

.2320 

.13 

.0020 

- 

1205 

Nov.  28  j  Nov.  29 

Distinct. 

Sli't.  white. 

0.10 

3.05 

1.25 

1.80 

.0004 

.0296 

.15 

.00«D 

- 

1485 

Dec.  27  Dec.  28 

Slight. 

Sli't,  white. 

0.20 

8.10 

1.25 

1.85 

.0016 

.0815 

.13 

.0080 

- 

1669 

isW 

Jan.  25  Jan.  26 

DUtlnct. 

Very  slight. 

0.15 

8.20 

1.30 

1.90 

.0032 

.0282 

.09 

.0020 

.0000 

1901 

Feb.  27  Feb.  28 

Distinct. 

None. 

0.10 

8.80 

1.60 

1.70 

.0044 

.0285 

.13 

.0050 

.0002 

2112 

Mar.  27  Mar.  28 

Distinct. 

Very  slight. 

0.20 

3.15 

1.10 

2.05 

.0072 

.0284 

.12 

.ooS) 

.0002 

2306 

Apr.  25  ;  Apr.  26 

t 

Distinct. 

Very  slight, 

0.15 

3.00 

1.15 

1.86 

.0022 

.0224 

.12 

.0070 

.0002 

2809 

May  24 

May  25 

Distinct. 

Very  slight. 

0.20 

2.35 

0.95 

1.40 

.0008 

.0212 

.10 

.0030 

.0003 

2073 

1 
June  25  !  June  27 

! 

Slight. 

SUt,  white. 

0.20 

2.85 

1.05 

1.80 

.0024 

.0220 
.0218 

.07 

.0000 

.0001 

2828 

July  23 

July  25 

Decided. 

Sli*t,  green. 

0.10 

2.75 

1.00 

1.75 

.0000 

.0502 
.0202 

.12 

.0040 

.0002 

2997 

Aug.  20 

Aug.  21 

Distinct. 

Heavy, 
green. 

0.10 

8.25 

1.35 

1.90 

.0000 

.0536 
.0186 

.11 

.0050 

.0008 

8254 

Sept.  24  Sept.  25 

Slight. 

Sin,  green. 

0.05 

3.05 

1.80 

1.75 

.0000 

.0322 
.0236 

.12 

.0030 

.0002 

3433 

Oct.   22 

Oct.  24 

Distinct. 

Sll't,  green. 

0.10 

2.65 

1.05 

1.60 

.0032 

.0332 
.0210 

.11 

.0040 

.0002 

3592 

Nov.  22 

Nov.  23 

Sll't,mUky. 

Sll*t,  green. 

0.05 

2.65 

1.80 

1.35 

.0010 

.0254 
.0212 

.13 

.0100 

.0006 

3748 
3907 

Dec.  18 

18 

Jan.  22 

Dec.  19 

89. 

Jan.  24 

Slight. 
Slight. 

Sll*t,  green. 
Slight. 

0.20 
0.10 

2.75 
2.20 

0.90 
0.85 

1.85 
1.35 

.0002 
.0U02 

.0238, 
.0166 

.0188 
.0164 

.10 
.10 

.0070 
.0060 

.0002 
.0002 

4152 

Feb.  27 

Feb.  28 

Very  slight. 

Very  slight. 

0.10 

2.45 

1.25 

1.20 

.0000 

.0224 

.0186 

.12 

.0030 

.0001 

4402 

Mar.  26 

Mar.  27 

Very  slight. 

Very  slight. 

0.15 

2.35 
4.05 

1.10 
1.94 

1.25 

.0004 

.0196 
.0190 

.09 
.12 

.0060 

.0001 

Av. 

0.18 

2.11 

.0033 

.0426 

.0072 

.0002 

1 

Hardness  In  May,  1888, 1.1. The  samples  were  collected  from  a  faucet  in  the  office  of  the  Spring- 
field Water  Commissioners.  The  faucet  is  supplied  from  a  tap  near  the  end  of  a  high-service  pipe  in 
the  low-service  district.  As  water  for  ordinary  purposes  is  not  drawn  from  this  pipe,  deposits  of  alg» 
occur  in  it,  which  are  stirred  up  when  a  current  is  produced;  consequently  the  analyses  of  water  col- 
lected  at  this  point  are  very  variable. 

Digitized  by  LjOOQIC 


>8i 


306 
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Microscopical  Examination, 

1S88. 

1889. 

Jane. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

Jan.  1  Feb. 

Mar. 

1.  Blue-green  Algaa,     . 



0.1 

2.2 

2.8 

2.2 

0.3 

0.1 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algaa,      . 

23.0 

0.4 

0.0 

o.e 

16.2 

14.6 

3.0 

0.7 

1.7 

29.9 

3.  Fongl, 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  FormB, . 

0.4 

pr. 

pr. 

0.1 

0.0 

0.3 

0.1 

pr. 

0.1 

2.0 

Oroaps  and  principal  genera  of  organisms  observed :  1 .  Cyanophyces,  Aphanocapsa,  ClathrocystU, 
2.  Palmellaceas,  Chlorococcua,  Botryococcwi ;  Zoosporeffi,  Con/erwXt  Scenedesmun ;  Desmidiacem, 
Siaurastrum ;  Diatomaceie,  Jiterionella,  Melonra.  8.  Bchlzomycetes.  4.  Protozoa,  XHnobryon; 
RoUfera;  Bntomoatraca. 


Water  Supply  op  Stockbridge.  —  Stockbridge  Water 
^  Company. 

Description  of  Works. — Population  of  the  town  of  Stockbridge  in 
1885,  2,114.  The  works  from  which  the  main  village  of  Stockbridge 
is  supplied  are  owned  by  the  Stockbridge  Water  Company,  and  were 
built  in  1862  and  1884.  The  sources  of  supply  are  a  small  reservoir 
and  a  tubular  well  near  it  on  the  westerly  side  of  Bear  Mountain. 
The  reservoir  is  fed  by  a  small  brook,  which  is  dry  much  of  the  year, 
and  by  springs.  Its  capacity  is  about  94,500  gallons.  When  the 
supply  from  the  reservoir  is  insufficient,  water  is  pumped  into  it  from 
the  tubular  well,  which  is  8  inches  in  diameter  and  300  feet  in  depth. 
Both  of  the  sources  now  in  use  furnish  but  a  limited  supply  for  the 
village  in  a  dry  time.  Another  tubular  well  was  sunk  on  the  side  of 
the  mountain  near  the  reservoir  to  a  depth  of  600  feet,  but  the 
amount  of  water  which  could  be  pumped  from  it  was  so  small  that  it 
was  abandoned.  Water  is  distributed  from  the  reservoir  by  gravity. 
Distributing  mains  are  of  cast  iron.  Service  pipes  are  of  galvanized 
iron. 

In  addition  to  the  Stockbridge  Water  Company,  two  other  com- 
panies supply  small  portions  of  the  town  of  Stockbridge.  The  Hill 
Water  Company  supplies  that  portion  of  Stockbridge  known  as 
**The  Hill."  The  Lenox  Water  Company  supplies  a  portion  of 
Stockbridge  near  Lenox. 
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Cbemieal  Examination  of  Water  from  a  Faucet  in  Stockbridge,  supplied  from  the 
Works  of  the  Stockbridge  Water  Company. 

[P»Rt  ixr  100,000.] 


Dat»  of 

1 

,               Afpsasancb. 

1 

Residue  oir 

£VAl»ORATION. 

Ammonia. 

1 

NITROOKN 
AS 

s 

j 

f 

1 
1 

1 

1 

§1 
1-^ 

1 

1 

^ 

i 
1 

258 

1»«7. 
July    5  :  July    6 

Slight. 

Con.,brown. 

0.00 

10.02 

« 

_ 

.0007 

.0041 

.12 

.0000 

_ 

473 

Aug.  3 

Aug.  4 

Distinct. 

Con.,brown. 

0.16 

10.00 

- 

- 

.0000 

.0073 

.11 

.0000 

- 

W 

Sept.  6 

Sept.  7 

Slight. 

Slight. 

0.00 

0.87 

- 

- 

.0003 

.0009 

.08 

.0070 

- 

M2 

Oct.  12 

Oct.  13 

None. 

None. 

0.00 

11.15 

- 

- 

.0000 

.0012 

.05 

.0030 

- 

lUT 

Nov.   7 

Nov.   8 

Very  slight. 

Sli't.earthy, 
and  floc^t. 

0.00  ! 

10.75 

- 

- 

.0000 

.0013 

.07 

.0030 

- 

1327 
1545 

Dec.    5 

19 

Jan.     5 

Dec.    6 
Jan.    6 

None. 
,  None. 

Sli't.earthv. 
and  floc't. 

Veryslight. 

0.00 
0.00 

9.75 
7.45 

- 

- 

.0000 
.0000 

.0008 
.0026 

.10 
.09 

.0020 
.0020 

.0000 

1736 

Feb.    2 

Feb.    8 

'None. 

None. 

0.00 

8.30 

- 

- 

.0000 

.0014 

.11 

.0050 

.0000 

1951 

Mar.    6 

Mar.    6 

Slight. 

Slight. 

0.00 

7.80 

- 

- 

.0000 

.0014 

.10 

.0030 

<0000 

2155 

Apr.    3 

Apr.    4 

Very  Blight. 

None. 

0.00 

6.35 

- 

- 

.0007 

.0082 

.09 

.0060 

.0000 

2352 

May    3 

May    4 

!  Very  ■light. 

Slight. 

0.10 

5.45 

- 

- 

.0000 

.0008 

.08 
.09 

.0060 
.0033 

.0000 

At. 

1 

0.02 

8.89 

- 

- 

.0002 

.0023 

.0000 

Hardness  in  May,  1888, 4.3.    Odor,  none. The  samples  were  collected  from  a  faucet  in  the  village . 

Microscopical  Examination. 

April,  May,  1888.    1.  Blue-green  algao,  0.0;  2.  Other  algas,  pr.;   8.  Fungi,  0.0;  4.  Animal  forms,  0.0. 
Groups  and  principal  genera  of  organisms  observed :    2.  Diatomacen. 

Chemical  Examination  of  Water  from  Hagar  Pond  or  Mohawk  Lake,  Stockbridge, 

[Parts  per  100,000.] 


si 


Appsakahoe. 


Kbsidue  on 

EVAl'O  RATION. 


P 


,,  KlTROOEN 
I  AS 


18 

Feb.    7 


Feb.    8 


DisUnot. 


Veryslight. 


0.00 ;  I 

112.50 


0.50 


It.OO 


.0056 


.09i  .0030  .0000 


Hardness  in  February,  1889, 11.5.    Odor,  very  faintly  vegetable. The  sample  was  collected  about 

MO  feet  from  shore,  through  an  opening  in  the  ice. 


Microscopical  Examination. 

February,  1880.    1.  Blue-green  algn,  pr.;  2.  Other  algas,  pr.;  8.  Fungi,  0.0;   4.  Animal  forms,  2.0. 
Groups  and  principal  genera  of  organisms  observed :    1.  Cyanophyeess.    2.  Diatomacen.    4.  Proto- 
aoa,/Xjio6fyo»/ BntomostrBca. 
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Chemical  Examination  of  Water  from  Lake  Mahkeenac  or  Stockbridge  Bowl, 

Stockbridge, 

[Parta  per  100,000.] 


DATS  or 

APPSiLaAKCK. 

RlBlDUB  ON 
KVXPORATION. 

Ammonia. 

i 

NlTROaEV 
AS 

9^ 

1 

1^ 

Turbidity. 

«j 

1 

1 

ii 

1 

1 

1 
11 

1 

^ 

8001 

is'89. 

Feb.    7   Feb.    8 

VeryBlight. 

VerysUgbt. 

0.02 

12.46 

1.35 

11.10 

.0006 

.0110 
.0078 

.16 

.0160 

.0002 

Hardoess,  11.6.    Odor,  faintly  vegetable  and  earthy. The  sample  was  ooUeeted  from  the  pond 

near  the  outlet. 

Microscopical  Examination, 

February,  1880.    1.  Blae-jreen  algee,  0.0;  2.  Other  algie,  6.1 ;  8.  Fungi,  pr.;  4.  Animal  forms,  3.1. 
Groups  and  principal  genera  of   organisms  observed:     2.  DiatomacesB,  AtUrioneUa,  Synedra, 
StephanodiicuM,    8.  Bchizomyoetes.    4.  Protozoa,  Dinobryon. 

Water  Supply  of  Stoneham. 
This  town  is  supplied  jointly  with  Wakefield  by  the  Wakefield 
Water  Company.     8ee  Wakefield. 


Water  Supply  of  Stoughton.  —  Stoughton  Water  Company. 
Description  of  Works.  — Population  in  1885,  5,173,  The  works 
are  owned  by  the  Stoughton  Water  Company,  and  were  built  in 
1886.  The  average  daily  consumption  in  1888  was  about  40,000 
gallons.  The  source  of  supply  is  a  well  25  feet  in  diameter  and  30 
feet  deep,  located  in  the  centre  of  the  village.  It  is  built  of  stone 
laid  in  cement,  Und  was  excavated  partly  in  ledge.  Pumps  force  the 
water  to  the  distributing  mains  and  to  an  open  iron  tank  30  feet  in 
diameter  and  60  feet  in  height.  Distributing  mains  are  of  cast  iron ; 
service  pipes  are  of  lead  and  of  tarred  iron. 

Chemical  Examination  of  Water  from  the  Well  of  the  Stoughton  Water  Company, 

[ParU  per  100,000.] 


Date  or 

Appkaramck. 

'       Kbsidub  on 
Evapo&atiox. 

AUMOKIA. 

i 

i  NiTBOGKN 
1           AS 

1 

j 

s 

■g 

1 

I 

1^ 

Pm 

1 

ill 

<  1 

■& 
^ 

1 

120 
860 
640 

18 

June  16' 

July  19 
Aug.  16 

«7. 

June  17 

July  19 
Aug.  15 

None. 
None. 
None. 

None. 
None. 
None. 

0.00 
0.00 
0.00 

17.77 
1 18.75 
17.75 

- 

_ 

.0014 
.0000 
.0002 

.0053 
.0037 1 
.0034' 

1.84 
2.21 
1.97 

1.300 
0.980 

_ 
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Cfiemical  Examination  of  Water  from  the  Well  of  the  Stoughton  Water 
Company — Concluded. 


Dati  of 

APPBAKAMOa. 

Rbsidub  oh 

EVAPOBATIOir. 

Ammonia. 

I 

i 
2.10 

NlTROGBlC 

AS 

1 

B 

j 

a 

f 

1 

1 

t 

§1 

1^ 

1 

1 

il 

< 

1 

S 

752 

Sept.  13 

87. 

Sept.  13 

None. 

None. 

0.00 

17.00 

_ 

_ 

.0006 

.0034 

0.650 

_ 

961 

Oct.  16 

Oct.  17 

VeryBligbt. 

None. 

0.00 

16.50 

- 

- 

.0000  .0016  '2.27 

0.780     - 

1180 

Nov.  14 

Not.  14 

Diatinet. 

None. 

0.05 

16.96 

- 

- 

.0080  .0080    2.12    0.450     - 
.0020  .0062  '  2.19 '1 0.750 j    - 

1411 

Dec.  15 

Bee.  15 

Very  slight. 

None. 

0.00 

16.85 

- 

- 

1582 

18 

Jan.  12 

88. 
Jan.  12 

Very  slight.  Sll't,earthy. 

0.00 

17.40 

_ 

- 

.0018 

.0062    2.80 '1.000  .0020 

1                       ' 

1804 

Fib.  11 

Feb.  13 

DUtinot, 
milky. 

SU't.msty. 

0.10 

18.86 

- 

- 

.0043 

.0041    2.38 

0.800 

.0140 

2063 

Har.  20 

Mar.  20 

SU*t,inllky. 

None. 

0.00 

16.70 

- 

- 

.0012 

.0032    1.09 

0.850 

.0020 

2270 

Apr.  23 

Apr.  28 

Very  slight. 

None. 

0.00 

16.86 

- 

- 

.0004 

.0060 

1.86 

- 

.0020 

2403 

May  23 

May  28 

81i't,inilky. 

None. 

0.00 

17.86 

" 

- 

.0002 

.0024 

j,.75 

r 

2.08 

0.72o'.000O 

At. 

1 

- 

17.34 

- 

- 

.0013 

.0040 

0.828  Lo040 

1 

Hardness  In  May,  1888, 6.1.    Odor,  generally  none,  occasionally  faintly  mouldy.- 
were  collected  from  a  faucet  in  the  village. 


-The  samples 


Microscopical  Examination, 


1888. 


Apnl. 


May. 


1.  Blue-green  AlgsB, 

2.  Other  Algas, 
8.  Fungi,  . 

4.  Anhnal  Forms,   . 


0.0 
0.0 
0.0 
0.0 


0.0 
pr. 
0.0 
pr. 


0.0 
0.0 
0.0 
0.0 


Groups  and  principal  genera  of  organisms  observed :    2.  Diatomace«.    4.  Protozoa. 


Water  Supply  op  Swampscott. 
Description  of  TFbrAj^.  —  Population  in  1885,  2,471.  The  dis- 
tributing system  is  owned  by  the  town.  Water  is  supplied  by  the 
Marblehead  Water  Company.  Distributing  mains  are  of  wrought 
iron  lined  with  cement.  Service  pipes  are  of  wrought  iron,  tarred, 
and  of  galvanized  iron. 
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Marblehead  Water  C!ompany. 
Description  of  Works.  —  This  company  supplies  water  to  the 
towns  of  Marblehead,  Swampscott  and  Nahant,  which  had  an  aggre- 
gate population  in  1885  of  10,625  ;.also  to  a  small  part  of  the  city 
of  Lynn.  The  average  daily  consumption  in  1888  was  220,500 
gallons.  The  main  source  of  supply  is  a  large  well,  22  feet  in 
diameter  and  20  feet  in  depth,  on  the  bank  of  Stacy's  Brook  in 
Swampscott.  The  centre  of  the  well  is  about  35  feet  from  the  brook. 
In  the  bottom  of  the  well  are  six  two-inch  tubular  wells,  sunk  to  a 
further  depth  of  50  to  75  feet.  A  supplementary  supply  is  obtained 
from  some  tubular  wells  near  the  brook,  a  short  distance  above  the 
pumping  station.  Pumps  force  the  water  from  the  well  to  the  dis- 
tributing mains  and  to  an  open  iron  tank  22.5  feet  in  diameter  and 
110  feet  in  height.  The  distributing  mains  owned  by  the  company 
are  of  cast  iron.  Stacy's  Brook  above  a  point  opposite  the  well 
receives  so  much  sewage  from  the  very  large  population  on  its  water- 
shed in  the  city  of  Lynn  that  its  waters  are  highly  polluted.  A 
sewer  was  built  in  Lynn  to  intercept  the  ordinary  flow  of  this  brook, 
but  it  was  not  in  operation  when  the  samples  were  collected  from 
the  brook.  There  are  a  large  number  of  dwelling-houses  within  a 
short  distance  of  the  well. 


Chemical  Examination  of  Water  from  the  Wells  of  the  Marblehead  Water  Com- 
pany, Swampscott, 

[Parta  per  100,000  ] 


&-- 


Appbibxkob. 


rk8idde  on 
Evaporation. 


8l 


la 

< 


NITSOOBM 


1?4 

411 

608 

831 

1045 

1003 
12S0 
1260 


June  21 
July  27 
Aug.  24 
Sept.  21 
Oct.  26 

Nov.  2 
Nov.  22 
Nov.  28 


I 
18  87. 


1480  .  Dec.  27 


June  23 
July  27 
Aug.  26 
Sept.  22 
Oct.  26 

Nov.  3 
Nov.  23 
Nov.  29 
Deo.  28 


None. 

None. 

None. 

None. 

Distinct, 
I    milky. 

None. 

None. 

None. 

None. 


None. 
None. 
None. 
None. 
None. 

None. 
None. 
None. 
None. 


0.00 
0.00 
0.00 
0.00 
0.20 


28.12 
23.90 
24.50 
24.20 
22.40 


0.00  1 24.05 
0.00 j  25.70 
0.00  ' 24.80 
0.00  ,23.90 


.0002 
.0009 
.0007 
.0006 


.0030 
.0025 
.0038 


0202  .0028 


.0000 
.0000 
.0002 
.0000 


I 


.0018 
.0015 
.0028 
0038 


2.59  1.5200 
2.95,  .7800 
2.82  '.3750 
2.89  .6500 
8.05    .3200 

8.05  |.5000 
3.21 '  .7000 
8.35  1.5000 
8.09    .5000 
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Chemical  Examination  of  Water  from  the  Wells  of  the  Marblehead  Water 
Company,  Swampscott — Concluded. 


Date  or 

Appxakavcb. 

Ran  DUB  ON 
Evaporation. 

Ammonia. 

NiTROOBM 
AS 

» 

1 

il 

H 

«j 

1 

H 

1 

1 

l"^ 

1 

g 

im  j  Jan.  24  Jan.  25 

None. 

None. 

0.00 

24.10 

_ 

_ 

.0001 

.0014 

8.04 

.6750 

.0001 

1888  Feb.  23 '  Feb.  25 

None. 

None. 

0.00 

24.40 

- 

- 

.0004 

.0028 

2.88 

.5000 

.0000 

2081   Har.23   Mar.  24 

Very  Blight. 

Verysllght. 

0.00 

22.00 

- 

-• 

.0006 

.0056 

2.93 

.5000 

.0002 

2299  Apr.  24   Apr.  25 

None. 

None. 

0.00 

24.40 

- 

- 

.0004 

.0020 

3.06 

.4500 

.0000 

^1 ,  May  23 ,  May  24 

None. 

None. 

0.00 

25.30 

- 

- 

.0000 

.0020 

2.94 

.5000 

.0001 

2801 

JyDe29 

Jane  30 

None. 

None. 

0.00 

25.85 

- 

- 

.0004 

.0020 

8.24 

.5500 

.0008 

2859 

Aug.   1 

Aag.  1 

None. 

1 

None. 

0.00 

25.40 

- 

- 

.0000 

.0012 

3.07 

.6500 

.0020 

8283   Sept.  27 

Sept.  29 

None. 

None. 

0.00 

27.15 

- 

- 

.0014 

.0054 

3.46 

.4000 

.0005 

3459 

Oct.  29    Oct.  29 

None. 

None. 

0.00 

26.10 

- 

- 

.0002 

.0022 

3.18 

.3500 

.0008 

3606 

Not.  27 

Nov.  27 

Diatlnct, 
milky. 

VerysUght. 

0.00 

25.15 

- 

- 

.0038 

.0106 

4.76 

.1800 

.0008 

3731 

Dec.  17 

Dec.  18 

Sli't,  milky. 

None. 

0.00 

26.30 

- 

- 

.0000 

.0032 

3.32 

.1700 

.0000 

3917 

IS 

Jan.  7A 

89. 

Jan.  24 

None. 

None. 

0.00 

24.40 

- 

- 

.0000 

.0018 

3.83 

.7500 

.0002 

4179 

Mar.    1 

Mar.    1 

None. 

None. 

0.00 

24.60 

- 

- 

.0006 

.0018 

3.26 

.5000 

.0000 

4434 

Mar.  29 

Mar.  29 

Slight. 

Slight. 

0.00 

27.20 

- 

- 

.0000 

.0064 

5.02 

.3250 

.0001 

4589 

Apr.  27 

Apr.  27 

Sirt,  milky. 

None. 

0.00 

26.65 

- 

- 

.0014 

.0088 

3.77 

.3600 

.OOOT 

«« 

May  23 

MAy  24 

None. 

None. 

0.00 

28.15 

- 

- 

.0008 

.0026 

3.64 

.2600 

.0002 

Ay 

- 

25.01 

- 

.0013 

.0032 

3.28 

.4786 

.0008 



HardnesB  In  May,  1888,  13.8.    Odor,  none. The  aamplea  were  collected  from  a  faucet  in  the 

pamptng  station  while  pumpLog,  or  from  the  well. 


Microscopical  Examination, 


1888. 

1889. 

Mar. 

Apr. 

May. 

June. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Mar. 

Mar. 

Apr. 

May. 

1.  Blae>green  Algte, 

0.0 

- 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- 

0.0 

0.0 

o.p 

2.  Other  Algie, 

0.0 

- 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

- 

0.0 

0.0 

pr. 

8.  Fungi.  .... 

0.0 

- 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- 

0.0 

0.0 

0.0 

4.  Animal  Forms,    . 

0.0 

- 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

■ 

0.0 

0.0 

0.0 

Groups  and  principal  genera  of  organisms  observed :    2,  Palmellacefle ;  Dlatomaceao. 
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Chemical  Examination  of  Water  from  the  Tank  of  the  Marblehead  Water 
Company,  Swampscott. 

[Puts  per  100,000.] 


DATS  or 

RK8IDUE  ON 
EVAPOKATIOV. 

AllMOKXA. 

1 

NlTBOOU 
▲8 

1 

1 

1^ 

f 

j 

1 

1 

1 

1 

!■ 

•2 

r* 

1046 

18 

Oct.  25 

87. 
Oct.  26 

Very  slight. 

Con.,e*rthy. 

0.0 

24.30 

•_ 

_ 

.0166 

.0030 

1, 
2.8Sj'.50(K) 

„ 

lOM 

Nov.   2 

Nov.   3 

Very  alight. 

None. 

0.0 

24.30 

- 

- 

.0000 

.0011 

2.9S    .5500 
3.11  1.4500 

- 

1251 

Nov.  22 

Nov.  23 

Slights 

None. 

0.0 

24.80 

- 

- 

.0020 

.0020 

- 

1261 

Nov.  23 

Nov.  29 

None. 

None. 

0.0 

24.50 

- 

- 

.0002 

.0012 

3.25    .6500 

- 

1400 

Dec.  27 

Dec.  28 

None. 

None. 

0.0 

25.30 

- 

- 

.0000 

.0036 

3.05|l.60O0 
3.06    .7^00 

.0002 

1678 

IS 

Jan.  24 

88. 

Jan.  25 

Very  slight. 

None. 

0.0 

25.30 

_ 

- 

.0002 

.0018 

.0001 

1889 

Feb.  23 

Feb.  26 

811%miIlEy. 

None. 

0.0 

24.70 

- 

- 

.0017 

.0037 

2.86  1 1.6700 

.0020 

9002 

Mar.  23 

Mar.  24 

Very  slight, 
milky. 

Slight. 

0.0 

24.50 

- 

- 

.0081 

.0048 

3.32  1  .4000 

.0004 

2300 

Apr.  24 

Apr.  26 

Sll't,  milky. 

None. 

0.0 

25.15 

- 

- 

.0012 

.0022 

i! 

S.04>  .4600 

.0006 

2502 

May  23 

May  24 

Very  slight. 

None. 

0.0 

24.70 

- 

- 

.0000 

.0028 

2.931.5000 

.0003 

At. 

0.0 

24.76 

- 

- 

.0025 

.0026 

r 

3.05      -^^70 

.0006 

1 

Hardness  In  May,  1888,  13.3.    Odor,  none. The  samples  were  collected  from  a  faucet  in  a 

dwelling-house  near  the  tank  Just  before  beginning  to  pump. 


Microscopical  Examination. 


1888. 


March. 


April. 


May. 


1.  Blue-green  Algas, 

2.  Other  Algn, 
8.  Fungi, . 

4.  Animal  Forms,  . 


0.0 
0.0 
0.0 
0.0 


0.0 
pr. 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 


Groups  and  principal  genera  of  organisms  observed :    2.  DiatomaceaB. 
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Chemical  Examination  of  Water  from  8tacy''»  Brook  in  SwampscoU. 

tPartt  per  100,000.] 


IUte  ot 

Appkabxkck. 

RaaiDUB  ov 

EVAPOaATION. 

AUMOMIA. 

.| 

NlTROOBM 
Ab 

1 

u 

1 

1^ 

1 

1 

1 

I 

§1 

1 

1 

< 

S 

S 

i     IS 

1047  Oct.  S6 

Oct.  26 

Decided. 

H»vy,e'rthy 
and  floc't. 

0.00 

30.70 
27.10 

8.90 
8.70 

26.80 
23.40 

.5300 

.1600 

6.09 

.0200 

- 

lOM 

Nov.  2 

Nov.    3 

Very 
decided. 

Con./e'rthy 
and  flocH. 

2.50 

27.80 
22.50 

3.50 
2.50 

24.30 
20.00 

.5020 

.1780 
.1360 

8.88 

.0500 

- 

1248 

Nov.  22 

Nov.  23 

Very 
decided. 

H»vy,e'nhy 
and  floc't. 

0.40 

19.70 

3.40 

16.30 

.1580 

.0880 
.0780 

2.58 

.1000 

- 

12S9 

Not.  28 

Nov.  20 

Decided. 

Con.,e'rthy 
and  floc'i. 

0.40 

17.30 

2.00 

14.40 

.1840 

.0480 
.0820 

2.42 

.0600 

- 

1481 
1079 

Dee.  27 
Jan.  24 

Dec.  28 

8S. 

Jan.  25 

Decided. 
Decided. 

HVy.e'rthy 
and  floc'i. 

Con.,e'rthy 
and  floc'i. 

0.50 
0.80 

14.10 
11.70 

21.70 
16.30 

2.60 
2.40 

4.00 
3.00 

11.50 
8.80 

17.70 
18.80 

.0840 
.1080 

.0480 
.0260 

.6200 
.0440 

1.72 
2.61 

.1500 
.2500 

.0200- 
.0200 

1880 

Feb.  23 

Feb.  35 

Very 
decided. 

Con.,e*rtby 
and  floc't. 

0.40 

16.50 

4.00 

12.50 

.0060 

.0720 
.0400 

1.40 

.0900 

.0080^ 

»»5 

Kar.23 

Mar.  24 

Decided. 

Heavy, 
brown. 

0.50 

10.50 
8.10 

2.30 
1.80 

8.20 
7.80 

.0740 

.0340 
.0280 

1.13 

.0600 

.006» 

2301 

Apr.  24 

Apr.  26 

Decided. 

Heavy, 

brown. 

0.45 

13.75 

3.20 

10.55 

.0020 

.0320 
.0160 

1.80 

.4000 

.002» 

2500 

May  23 

May  24 

Very 
decided. 

Heavy, 
brown. 

0.80 

15.16 

3.35 

11.80 

.0740 

.0620 
.0420 

1.78 

.0600 

.0087 

2092 

June  29 

Jan«80 

Decided. 

Heavy, 
brown. 

0.60 

16.60 

2.55 

13.05 

.5380 

.0780 
.0580 

2.69 

.0350 

.0034 

2800 

Aug.  1 

Aug.  1 

Very 
decided. 

Heavy, 
brown. 

1.00 

27.45 
21.75 

5.40 
8.60 

22.0') 
18.15 

.9860 

.1850 
.1500 

3.86 

.0150 

.0080 

S282 

Sept.  27 

Sept.  29 

DieUnct. 

Con.,«''rthy 
and  floc't. 

0.00 

12.05 
11.05 

3.20 
2.90 

8.85 
8.15 

.0580 

.0490 
.0380 

1.28 

.1400 

.0061 

8400 

Oct.  29 

Oct.  29 

Diatlnct. 

Sli't,  floc't. 

0.70 

11.75 

2.80 

8.95 

.0480 

.0220 
.0100' 

1.54 

.0780 

.005T 

3029 

Dec.    8  Deo.    3 

Difltinct. 

Con.,e'rthy. 

0.20 

11.60 

; 10.35 

3.00 
2.90 

8.60 
7.45 

.0500 

.0220  1 
.0200 

1.45 

.2500 

.002^ 

8732 
8010 

Dec.  18  Dec.  18 

18  89. 

Ju.  24  Jan.  24 

i 

Decided. 
Diatlnct. 

Con.,e*rthy. 
Con.,e'rthy. 

0.45 
0.20 

'9.4.5 
6.65 

12.55 
12.05 

2.65 
1.85 

2.65 
8.00 

6.80 
4.80 

9.90 
9.05 

.0300 
.0840 

.0270' 
.0170, 

.06601 
.0480j 

0.32 
1.85 

.1000 
.1800 

.0012 
.005» 

4180 

Mar.  llMar.    1 

Decided. 

Conald'ble. 

0.30 

15.10 
14.10 

3.15 
2.76 

11.96 
11.35 

.1720 

.1380i 
.10701 

2.47 

.1100 

.010<^ 

4485 

Mar.  29 

Mar.  29 

Decided. 

Conald'blo. 

0.30 

11.40 
10.75 

2.75 
2.50 

8.65 
8.25 

.0480 

.0210. 
.0130 

1.45 

.1250 

.001& 

4M8 

Apr.  27 

Apr.  27 

Decided. 

H'vy.e'rthy 
and  floc't. 

0.90 

13.40 
9.90 

3.55 
3.05 

9.85 
6.85 

.0960 

.0560 
.0400 

1.12 

.0800 

.003ft 

4734 

May  28 

May  24 

Diatlnct. 

Heavy. 

1.20 

10.75 

3.25 

7.50 

.0500 

.0410 
.0052 

1.09 
2.07 

.0600 
.1149 

.0082 

At. 

0.63 

16.68 

1 

3.31 

13.37 

.1858 

.0936  ■ 

.006» 

Hardaeu  in  May,  1888, 3.4.    Odor,  generally  offensive. The  aamplea  were  collected  from  the 

brook  Dear  the  well  of  the  Marblehead  Water  Company.    There  were  heavy  raina  Juat  previous  to  the 
eolJecUon  of  Nos.  1890  and  2095. 
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Microscopical  Examination. 


tDec. 


1888. 

I                    1888. 

June. 

Aug. 

Sept, 

Oct. 

Dec 

Dec. 

!.an. 

Mar. 

Mar. 

Apr. 

M«3'. 

pr. 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

2.  Other  Algae 

0.7 

0.2 

0.0 

0.3 

0.0 

0.0 

pr. 

0.1 

pr. 

1.0 

3.6 

S.  Fungi 

0.2 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

10.1 

pr. 

0,0 

0.0 

4.  Animal  Forma, 

0.2 

0.2 

0.2 

pr. 

0.0 

0.0 

pr. 

0.1 

0.0 

pr. 

1.4 

OroupB  and   principal  genera  of   or^ 

anism 

8  observed 

:    1, 

Cyan 

ophycen. 

2.  Palraellaccie; 

Zoo. 

•poreie;  DesmidiaceaB ;  I>latomacaie,  Synedra,    8.  Schizomycetet,  Leptothrix.    4.  Protozoa,  TracAei- 
omonns;  Annelida. 

Water  Supply  of  Taunton. 

Description  of  Works.  —  Population  in  1885,  23,674.  The  works 
are  owned  by  the  city  and  were  built  in  1876.  The  average  daily 
consumption  for  1888  was  751,882  gallons.  Water  is  taken  from 
the  ground  by  means  of  an  open  filter-basin  and  a  covered  filter- 
gallery  on  the  left  bank  of  the  Taunton  River  above  the  city,  and, 
when  the  supply  of  ground  water  is  insuflScient,  is  taken  from  the  river, 
either  directly  or  after  being  filtered  through  a  coarse  filter.  The 
filter-basin  is  400  feet  long  and  its  bottom  is  8  feet  below  low  water 
in  the  river.  The  basin  is  17  feet  wide  at  the  bottom,  and  the  sides 
have  a  slope  of  two  feet  horizontally  to  one  foot  vertically.  The 
filter-gallery  extends  from  the  upper  end  of  the  filter-basin  parallel 
with  the  river,  a  distance  of  863  feet.  In  section  it  is  egg-shaped, 
and  its  dimensions  are  5  feet  2  inches  in  height  and  4  feet  in  width. 
It  is  built  of  brick  with  some  of  the  joints  uncemented,  and  its 
bottom  is  level  with  the  bottom  of  the  filter-basin.  Two  tubular 
wells  were  sunk  in  the  bottom  of  this  conduit  at  points  where  clay 
came  close  to  the  surface.  The  wells  are  respectively  1\  and  IJ 
inches  in  diameter  and  25  and  37  feet  deep.  At  the  upper  end  of 
the  filter-gallery  a  coarse  filter,  known  as  the  **  filter  bank,"  has  been 
built.  It  was  formed  by  extending  the  conduit  a  distance  of  94.6 
feet  and  filling  the  space  between  it  and  the  river  with  broken  stone 
and  gravel.  The  width  of  the  filter  between  the  conduit  and  the 
river  is  about  40  feet.  Water  is  pumped  directly  into  the  mains 
and  no  reservoir  or  stand-pipe  is  used.  Distributing  mains  are  of 
cast  iron.  Service  pipes  are  of  wrought  iron  lined  with  cement. 
A  disagreeable  taste  and  odor  in  the  water  supplied  to  consumers 
has  been  noticed  occasionally,  and  is  thought  to  be  due  to  growths 
of  algsB  in  the  open  filter-basin.  ^^  , 
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Chemical  Examination  of  Water  from  the  Filter-Basin  of  the  Taunton 
Water  Works. 

[ParU  per  100,000.] 


DATS  or 

Appkarancb. 

KK8IDUK  ON 
EVAfOKATlON. 

Ammonia. 

1 

i 

NiTROGKM 

1      " 

Kumt>cr. 
Collection. 

b1 

«  - 

2 

^ 

4i 

1 

1 

|l 

1 

1 

< 

1 

^ 

177  Jaj)e22  June  23    Decided. 

Consid'ble. 

0.40; 

5.90 

. 

. 

.0024 

.0089 

1 

.65 

.0190      - 

»1  July  22 

July  23  1  Veryalight. 

None. 

0.40 

6.62 

- 

- 

.0019 

.0091 

.68 

.0260 

- 

606  Aug.  23 

Aug.  24    Distinct. 

Verysllght. 

0.40 

5.62 

- 

- 

L0OO9 

.0145 

.54 

.0120 

- 

812  Sept.  19 

S«pt.20 

81i»t,milky. 

Verysllght. 

0.20 

6.90 

- 

- 

.0020 

.0111 

.61 

.0070 

- 

1019  Oct.  M 

Oct.   25 

Verysllght. 

Slight. 

0.25 

6.60 

- 

- 

.0006 

.0042 

.62 

.0180 

- 

1247  Xov.21   Not.  22  '  Verysllght. 

None. 

0.20 

5.70 

- 

- 

.0024 

.0108 

.66 

.0200 

- 

1475  .Dec.  22  Dec.  22    Slight. 

Verysllght. 

0.20 

5.46 

- 

-■ 

.0020 

.0066 

.63 

.0160 

- 

1§  88. 

1674  Jan.  24  !  Jan.  24 

Verysllght. 

Verysllght. 

1 
0.20 

6.65 

_ 

.0016 

1 
.0078 

.54 

.0260 

.0001 

1877   Feb.  21    Feb.  23 

Decided. 

Con.,e*rthy. 

0.40 

6.05 

- 

.0004 

.0172 

.51 

.0100 

.0000 

2089  Mar.  23  \  Mar.  23 

Distinct. 

Slight. 

0.40 

4.85 

- 

- 

.0010 

.0142 

.63 

.0080 

.0000 

2»7  Apr.  24   Apr.  25 

Slight. 

Slight. 

0.16 

6.35 

- 

- 

.0008 

.0058 

.60 

.0200  .0001 

24U  May  22   May  22 

Slight. 

None. 

0.35 

6.66 

- 

- 

.0004 

.0080 

.63 

.0180  .0001 

^*6  JuDe21   June  22 

1 

Verysllght. 

None. 

0.70 

1 

5.40 

- 

- 

.0016 

.0124 
.0104 

.62 

.0180  .0001 

28«  July  26  Jaly  27 

None. 

Verysllght. 

0.20 

5.85 

- 

- 

.0014 

.0078 
.0078 

.67 

.0190  .0001 

1 

1 
«tt4   Aug.  23   Aug.  24 

Verysllght 

Verysllght. 

0.40 

5.46 

- 

- 

.0018 

.0118 , 
.01121 

.53 

1 
.0050  .0001 

52S0  Sept.  27' Sept.  28 

DisUnct. 

Blight. 

1.30 

5.40 

- 

- 

.0006 

1 
.0290 
.0260 

.89 

.0090  .0002 

1 

3tt4:Oet.  26  Oct.  27 

Verysllght. 

Verysllght. 

0.40 

5.65 

- 

- 

.0010 

.00721 
.0070  i 

.62 

.0150  .0000 

»07   NoT.26  Nov.  27 

Verysllght. 

Verysllght. 

1 
0.50 

5.80 

- 

-    1 

.0008 

.0084  1 
.0080 

.55 

1.0180  .0001 

1           1 

8772  Dec.  20  Dec.  21 

'           18  89.          1 

Sm  Jan.  24  Jan.  25 

Sli't,mllky. 

Distinct, 
millKy. 

Verysllght. 
None. 

o.eo 
0.10 

4.80 
4.85 

5.05 

- 

~ 

.0004 
.0008 

1 
.0142  1 
.0112 

.0040 

.61 
.67 

|.0160  .0002 
.0300  .0000 

41®   Feb.  28  Mar.    1 

Verysllght. 

Sll't,e*rthy. 

0.15, 

5.45 

- 

-    , 

.0000 

.0022  1 

.63 

.0220  .0000 

1 

4433   Mar.  29   Mar.  29 

None. 

Verysllght. 

0.10 

6.10 

_ 

1 

.0014 

.0044 

.68 

.0200  .0000 

45W  Apr.  29  Apr.  30 

Sin,  milky. 

None. 

0.60 

4.75 

. 

_ 

.0004 

.0168 
.0116 

.60 

.0070  .0001 

4730  May  23  May  24 

i 

Sli't,  milky 

None. 

0.70 

5.25 

- 

-    ' 

.0010 

.0100 

.0088 

1 

.67 

.0160  .0001 

1 

Av ! 

1 

0.39  j 

6.47 

- 

- 

.0012 

1 
.0102 

.66 

.0163  .0001 

1 

Hardness  in  May,  1888, 1.9.    Odor,  frequently  vegetable,  occasionally  none. The  samples  were 

«oU«cted  from  a  faacet  at  the  pumping  station  while  pumping.    There  were  heavy  rains  Just  previous 
to  tlie  collection  of  Noa.  006,  2089,  2646,  2868  and  3280. 
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Microscopical  Examination. 


[Dec. 


1S88. 

1889. 

Jane. 

July. 

Aug. 

sept 

Oct. 

Nov. 

Dec' 

Dec.. 

Jan. 

'          1         I 
Feb.  Mar.  Apr.'Mav. 

'          ■         1 

1.    Blae-green  AlgflB, 

pr. 

0.1 

0.0 

0.0 

0.0  '  0.0 

0.0 

0.0 

0.0 

pr.  •  0.0     O.S 

2.    Other  Algo,        .... 

0.1 

4.9 

0.8 

0.1 

O.l 

0.0 

0.2  i 

pr. 

0.7 

0.4     0.1     O.ft 

8.    FoDgli .    ° 

0.2 

5.1 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0     0.0     0.0 

4.    Animal  Forms,  .... 

pr. 

0.0 

pr. 

pr. 

0.0 

0.0 

pr. 

0.0 

0.0 

pr.     0.0     0.0 

GrouDs  and  principal  genera  of  organisms  observed:  1.  CyanophycesB.  2.  Palmellacea);  Zoo- 
■poresB,  JScenedeamut ;  Desmidlacen;  DiatomaoesB,  MetoHra;  ZygnemaeesB.  8.  Schlzomycetes,  Creno- 
thrix.    4.  Protozoa;  Spoogiaria;  Entomoatraca. 

Chemical  Examination  of  Water  from  the  Taunton  River  at  Taunton, 

[ParU  per  100,000.] 


Datk  or 

APPBABAXCa. 

Rksidub  om 

EVAPOBATIOH. 

Ajcuokia. 

i 

.  >?rrROGE3r 

"K 

t 

H 

■J 

1 

1 

§1 

1-^ 

1 

A 

< 

S5 

i 

176 

18  87. 
June  22  ,  Jane  23 

None. 

Slight. 

1.20 

4.97 

1.85 

3.12 

.0084 

1 

.0322 

.48 

.0180 

. 

890 

July  22  July  23 

Slight. 

Verysllght. 

1.10 

5.20   1.55 

3.65 

.0030 

.0265 

.48 

.0130 

- 

605 

Aug.  23 '  Aug.  23  : 

Verysllght. 

Sli't,  rusty. 

1.30 

5.60 1 1.82 

8.78 

.0048 

.0271 

.52 

.0070 

- 

813 

Sept.  19  Sept.  20  !  None. 

Slight. 

1.60 

5.85   1.70 

4.15 

.0047 

.0302 

.59 

.0070 

- 

1018 

Oct.  24  '  Oct.  25  j  Slight. 

1 

Sll't.  earthy 
and  floc*t. 

1.00 

6.10 

1.70 

4.40 

.0004 

.0212 

.72 

.0080 

- 

1246 

Nov.  21  Nov.  22 1' Slight. 

Slight. 

1.40 

6.65 

8.00 

3.65 

.0026 

.0286 

.73 

.0100 

- 

1474 

Deo.  22   Dec.  22    Distinct. 

Consld'ble. 

1.50 

6.50 

8.00 

3.60 

.0024 

.0334, 

.58 

.0100 

- 

1673 

18  88. 

Jan.  24  Jan.  24 '|  Very  slight. 

Verysllght. 

1.00 

5.85 

2.55 

3.30 

.0025 

1 
.0229, 

.60 

,.0200 

.0000 

1876 

Feb.  21   Feb.  23 

i 

Decided. 

Sli't.  earthy 
and  floc't. 

0.70 

6.85 

2.85 

4.00 

.0020 

.0290 

.46 

.0100 

1 

.0000 

2088 

Mar.  23 

Mar.  23 

1 

Decided. 

1 

Con.,  earthy 
and  floc't. 

0.70 

5.85 

2.25 

8.60 

.0007 

.0318 

i 

.44 

.0060 

.0060 

2296 

Apr.  24 

Apr.  25  '  Slight. 

Slight. 

1.40 

4.50 

1.60 

2.90 

.0008 

.0251 

.50 

.0090 

.0001 

2480 

May  22 

May  22,  Verysllght. 

Slight. 

2.50 

5.45 

2.80 

2.65 

.0016 

.0350 

.88 

.0060 

.0001 

2645 

June  21   Jane  22  j  j  Verysllght. 

Slight. 

2.80 

5.40 

2.65 

2.75 

.0042 

.0842 
.08061 

.45 

.0080 

.0002 

2852 

July  26  1  July  27 

Verysllght. 

Verysllght. 

1.60 

4.95 

1.80 

8.15 

.0030 

.0274 
.0250 

.60 

^0050 

.0001 

8023 

Aug.  23 

Aug.  24 

Blight. 

Slight. 

1.20 

5.46 

1.95 

8.50 

.0010 

.0282 
.0248 

.42 

1.0030 

.0002 

8279 

Sept.  27 

Sept.  28 

Decided. 

M'ch.e'rthy 
and  floc't. 

.so 

5.20 

2.60 

2.60 

.0014 

.0420 
.0820 

.27 

.0060 

.0002 

8453 

Oct.  26 

Oct.  27 

Verysllght. 

Verysllght. 

2.80 

5.90 

3.15 

2.75 

.0000 

.0298 
.0286 

.63 

.0090;. 0002 

8606 

Nov.  26 

Nov.  27 

Slight. 

Con.,  earthy 
and  floc't. 

1.80 

4.85 

2.05 

2.30 

.0002 

.0270 
.0250 

.42   .0100  .0003 

8773 

Dec.  20 

Dec.  21 

Distinct, 
milky. 

Sli't.earthy. 

0.90 

8.70 

1.55 

2.15 

.0002 

.0200 
.0190 

.42  !. 0100  .0008 

1'           ' 

Google 
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Chemical  Examination  of  Water  from  the  Taunton  River  at  Taunton — Concluded. 


I>ATK  OF 

Appkakancit. 

• 

Residue  on 

BVAPOKATIOM. 

AXMOMLA. 

1 

Nitrogen 

AS 

u 

3 

1 

i 

s 
2 

B 

1 

1 

1 

4 

1 

1 

1 

1' 

1 

» 

S»22 

19  89. 

Jan.  -24  Tran.  25 

Slight. 

Veryallght. 

1.10 

3.85 

1.65 

2.20, 

.0000 

.0184 
.0170 

.41 

.0070 

.0002 

4168 

Feb.  28   Mar.    1 

Very  alight. 

Veryallght. 

1.00 

1 
4.05 

1.75 

>.30l 

.0004 

.0194 
.0172 

.46 

.0070 

.0001 

4452 

Mar. -29  Mar.  29 

i 

Slight. 

Slight. 

1.00 

4.10 

1.90 

1 

1 

2.20  i 

.0000 

.0200 
.0124 

.49 

! 

.0050 

.0002 

4M3   Apr.  29 

Apr.  30 

Distinct. 

Conald'ble. 

2.00 

5.00 

2.55 

2.45 

.0008 

.03M 
.0328 

.44 ; 

i 

.0060 

.0001 

4729 

May  23 

May  24 

Very  alight. 

Slight. 

2.70 
1.45 

5.50 

3.00 

2.50 

.0048 

.0346 
.0308 

.43 
.49 

.0050 

.0002 

At. 

,..« 

2.18 

3.66 

.0019 

.0284 

.0084 

.0001 

Hardnera  io  May,  1888, 1.0.    Odor,  veiretftble,  frequently  mouldy. The  aamplea  were  collected 

from  the  river  opposite  the  fllter-baain  of  the  Taunton  Water  Worka. 

Microscopical  Examinaiion, 


1888. 

1                   1889. 

Jane. 

July. 

Aug. 'Sept. 

1 

Oct. 

Xov. 

l>ec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.   Blne-green  Alg», 

pr. 

0.0 

0.0 

0.3 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

2.   Other  Algio 

0.1 

1.6 

0.6 

2.7 

0.0 

0.2 

0.3 

0.3 

5.6 

6.3 

0.3 

0.8 

3.  Pangl 

0.1 

2.5 

0.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms 

pr. 

pr. 

0.2 

0.3 

0.0 

0.0 

pr. 

0.0 

0.2 

0.3 

pr. 

0.0 

Groups  and  prlDcipal  genera  of  organisms  obaerved:    1.  Cyanophycea.    2.  Palmellacese ;    Zoo- 
«porete;  Desmidlaeeie ;  DX&iotnMent  Asterionellat  Sjfnedra.  3.  Schizomycetes,  Crenothrix.  4.  Protozoa; 

fipongiaria. 


Chemical  Examination  of  Water  from  Tubular  Wells,  Taunton. 

[Parts  per  100,000.] 


Datb  or 

Al'PKASANCK. 

RKSIOUE  ON 
EVAPORATION. 

Ammonia. 

1 
1    ^ 

:  1 

NlTBOOEN 

AS 

1 

1       '         1    • 

1 
1 

1 

1 

1 

^ 

< 

?4 

1 

857 

1887. 

Sept.  27   Sept.  28 

Veryallght. 

Veryallght, 
earthy. 

0.0 

14.30 

- 

- 

.0000 

.0017; 

3.51 

.0180 

- 

The  lample  was  collected  from  two  tubular  test  wells,  41  and  48  feet  deep,  near  the  filter-basin  of 
the  Taunton  Water  Works. 


Digitized  by 


Google 


318 


WATER   SUPPLY  AXD   SEWERAGE. 


[Dec. 


Water  Supply  of  the  State  Almshouse,  Tewksbury. 
This  is  a  supply  to  a  public  institution  having  a  population  of  about 
885  in  June,  1887.  The  works  were  built  in  1870.  The  average 
daily  consumption  in  1888  was  about  90,000  gallons.  The  source 
of  supply  is  a  brook,  from  which  water  is  diverted  into  a  small 
pump  well  8  feet  in  diameter  and  8  feet  deep.  The  drainage  area  is 
said  to  contain  a  considerable  amount  of  swamp  land  cohered  with 
a  heavy  growth  of  wood.  Pumps  force  the  water  from  the  pump 
well  to  an  open  iron  tank  and  two  distributing  reservoirs.  The 
tank  is  30  feet  in  diameter  and  40  feet  in  height.  The  reservoirs  are 
each  160  feet  long  and  110  feet  wide  at  the  top,  and  10  feet  deep. 
The  bottom  of  each  is  of  clay  and  the  slopes  are  paved.  The 
capacity  of  each  is  about  1,200,000  gallons.  Distributing  mains 
are  of  cast  iron ;  service  pipes  are  of  wrought  iron. 

Chemical  ExamincUion  of  Water  from  a  Faucet  at  the  State  Almshouse, 

Tewksbury, 

[Partf  per  100,000.] 


Date  of        1 

Appkabahcb. 

Krsiddb  ok 

EVAl'ORATIOir. 

AXMOXIA. 

1 

i 

XlTBOGEK 

AS 

y; 

1^ 

1 

1 

1 

1 

i 
it. 

i 

fa 

il 

J 

1 

219 

18 

Jane  29 

87. 
June  30 

Decided. 

Very  slight. 

1.10 

6.37 

1.55 

i 

3.82 

I         i 

.00021.0330  1 

.19 

1 

.0130 1     - 

447 

Jaly  29 

July  80 

Slight. 

Slight. 

0.50 

'   6.05 

1.02 

4.031 

.0339 

.0213; 

.24 

.0030,     - 

665 

Aug.  31 

Sept.  1 

Slight. 

Slight. 

1.00 

5.45 

2.17 

3,28 

.0080 

.0392 
.0382 

.18 

.0070      - 

837 

Sept.  22 

Sept.  22    Decided. 

Consid'ble. 

1.50 

I5.75 

2.05 

3.70 

.0012 

.22 

.00301    - 

1048 

Oct.  26 

Oct.  26    Distinct. 

Con.,green. 

1.30 

6.00 

2.30 

3.70 

.0002 

.0359 

.30 

.0080      - 

1281 

Nov.  30 

Nov.  30    Slight. 

Slight. 

1.30 

5.05 

2.00 

3.05' 

.0026 

.0278 

.33 

.0070      - 

1495 

Dec.  28 

Dec.  28 

Very  Blight. 

Slight. 

1.30 

4.90 

1.70 

3.20 

.0004 

.0220 

.28! 

.0090'    - 

1700 

18 

Jan.  30 

88. 

Jan.  31 

Slight. 

Very  slight. 

0.90 

6.25 

1.95 

3.30 

.0010 

.0193 

.21, 

.0100  .0000 

1916 

Feb.  29 

Feb.  29  1  Slight. 

None. 

0.90 

4.70 

1.55 

3.15 

.0018 

.0164 

.29 

1 

.OlOOl.UOOO 

2117 

Mar.  27 

Mar.  29 

Very  alight. 

Very  slight. 

0.50 

3.40 

1.30 

2.10 

.0034 

.0189 

.24  ! j. 0050 1. 0001 

2323 

Apr.  27 

Apr.  27 

Slight. 

Verysllght. 

0.45 

2.60 

1.05 

1.55 

.0050 

.0135 

.20 

.008o!.0003 

2685 

June  28 

Jane  29 

Blight. 

None. 

2.10 

6.25 

2.90 

3.35 

.0030 

.0342 
.0318 

.20 

.0070 

.0001 

2867 

July  30 

July  31 

Distinct. 

Slight. 

0.50 

4.40 

1.55 

2.85 

.0110 

.0334 
.0220 

.22 

.00:0 

.0001 

8278 

Sept.  27 

Sept.  27 

Distinct. 

Blight. 

0.50 

4.65 

1.75 

,.J 

.0004 

.0250 
.0186 

.22 

.0030 

.0001 

3462 

Oct.  29 

Oct.  30 

Distinct. 

Blight. 

1.10 

4.80 

2.20 

2.60 1 

.0014 

.0260 
.0238 

.25 

.0080 

.0002 

8618 

Nov.  27 

Nov.  28 

Slight. 

Slight. 

0.80 

4.50  2.00 

2.50 

.0004 

.0278 
.0246 

.26 

.0070 

.0002 

8767 

Dec.  19 

Dec.  21 

Distinct. 

SU't,  green. 

0.70 

8.95 

1.65 

2.30 

.0002 

.0234 
.0202 

.23 

.0040 

.0002 
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Oiemieal  Examination  of  Water  from  a  Faucet  at  the  State  Almshouse  —  Con. 


Date  or 

Appeajiakob. 

RaaioiTK  ON 

EVAPOEATIOir. 

Akkovia. 

1 

NlTHOQKN 
A8 

1 

j 

il 

t 

2 

1 

d 

I 

§1 

1 

•1 

1? 

S 

S 

mta 

IS 

Jan.  23 

1 
SO. 

Jan.  23 

Decided. 

SUght. 

1 
0.80 

3.55 

1.35 

2.20 

.0004 

.0172 
.0144 

.23 

.0090 

.0001 

4U8  1  Feb.  27 

Feb.  28 

i 

SUght. 

SUght. 

o.ao 

4.25  1.85 

2.90 

.0018 

.0200 
.0190 

.29 

.0050 

.0003 

4«: 

l£ar.  27 

Mar.  28 

Veryallgbt. 

Very  alight. 

0.45 

3.25  0.95 

2.30 

.0016 

.0180 
.0160 

.20 

.0030 

.0001 

4722 

May  22 

May  23 

Distinct. 

Con. flight. 

0.90 

1 

0.91 1 

1 

i 
3.85:1.70 

2.15 

.0004 

.0278 
.0210 

.22 

! 

.24 

.0020  .0002 

At, 

4.87 

1.09 

8.181 

1 

.0022 

.0256 

.0063'  'VMi 

' 

Odor,  faintly  vegetable. The  aamples  were  collected  from  a  faucet  In  the  Almahoaae,  with  the 

exception  of  No.  2685,  which  was  collected  from  a  faacet  at  the  pumping  station. 


Microscopical  Examination, 

1S88. 

'               1889. 

June.  Jaly. 

Sept. 

Oct. 

Nov. 

Dec. 

Ijan.    Feb.   Mar.  i  May. 

1<  Blue-green  Algse, 

2.0therAlg» 

3.Pangi, 

4.  Animal  Forms, 

0.0 
0.0 
0.8 
0.0 

0.2 
7.7 
1.3 
pr. 

0.0 

12.3 

pr. 

0.0 

0.0 
0.3 
0.0 
pr. 

O.O 
0.1 
0.0 
0.0 

0.0 
2.0 
0.0 
O.l 

0.0 
pr. 
0.0 
pr. 

0.0 

8.1 

0.0 

30.1 

0.0 
66.5 
0.0 
1.0 

0.0 
13.4 
0.0 
0.0 

Oroups  and  principal   genera  of  organisms  observed :    1.  Cyanophycefe.    2.  Palmeliacese ;   Zoo- 


SK)re»,  Pediastrumt  Raphidium,  Scenedetnnui :  Desmidlacess,  Ooamarium ;  Diatoraweeaa,  Melotira, 
UteAia,  8tephanoditcu»t  Synedra.    3.  Schlzomycetes,  Crenothrix.    4.  Protozoa,  Diiiobryon. 

ChemiccU  Examinaiion  of  Water  from  a  Well  at  the  Slate  Almshouse,  Tewksbury, 

[Parts  per  100,000.] 


Datb  of 

Appsarabcb. 

Kksiduk  on 
Evaporatiox. 

AXKONIA. 

1 

t 

NiTROOKN 
AS 

s 

1 

5- 

Turbidity. 

! 

1 

.2 

ft 

1' 

1 

1 

1? 

S 

i 
s 

218 

18 

June 20 

87. 

June  30 

None. 

None. 

m 
0.0 

17.40 

_ 

_ 

.0285  .0071 

1.43 

.1950 

« 

446 

July  29 

July  30 

None. 

None. 

0.0 

15.75 

- 

.0244 

.0038 

1.22 

.6500 

- 

6M 

Aug.  31 

Sept.  1 

None. 

VerysUght. 

0.0 

15.77 

- 

- 

.0615 

.0070 

1.11 

.3900 

- 

2»24 

18 

May  29 

88. 

May  29 

VerysUght. 

None. 

0.0 

16.85 

- 

- 

.0014 

.0050 

1.63 

.4500 

.0005 

4SW 

18 

Apr.  26 

88. 

Apr.  27 

None. 

None. 

0.0 

17.60 

- 

- 

.0320 

.0080 
.0062 

1.16 
1.31 

.4800 

.0009 

At 

0.0 

16.66 

- 

- 

.0296 

.4830 

Hardnese  in  Ma^Tf  1888, 6.1.    Odor,  none. The  samples  were  collected  from  a  well  in  the  yard  of 

the  Almshouse.    Water  was  drawn  from  the  well  by  means  of  a  wooden  pump. 
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Microscopical  Examination. 

May,  1888;  April,  1889.    No  organisms. 
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WATER  SUPPLY  AND   SEWERAQE. 


[Dec. 


Water  Supply-  of  Tisbury. — ^Vineyard  Haven  Water  Company. 
Description  of  Works.  —  Population  of  the  town  of  Tisbury  in 
1885,  1,541.  The  works  are  owned  by  the  Vineyard  Haven  Water 
Company.  Water  was  introduced  Dec.  1,  1887.  The  source  of* 
supply  is  a  spring  near  the  northern  shore  of  Lake  Tashmoo.  The 
water  of  the  spring  is  collected  by  means  of  a  filter-gallery  38  feet 
long,  7  feet  wide  at  the  bottom,  and  10  feet  high.  Pumps  force  the 
water  to  an  open  iron  tank  20  feet  in  diameter  and  50  feet  in  height. 
The  tank  is  situated  between  the  pumping  station  and  the  village, 
and  all  water  pumped  passes  through  it.  Distributing  mains  are  of 
cast  iron.     Service  pipes  are  of  lead. 

Chemical  ExaniincUion  of  Water  fnym  the  Tashmoo  Spring  at  Vineyard  Haven, 

[ParU  per  100,000.] 


Datb  of 


ArPBAKAirGK. 


3 


Rbsidub  on 

EVAi*ORATION. 


l^ 


NiTKOGKN 

A8 


80 
■3105 


18 

June  13 

18 

Sept.  11 


87. 

June  14 

88. 

Sept.  13 


None. 
None. 


Very  slight, 
None. 


0.0 
0.0 


3.65 
4.00 


.0000 
.0000 


.0006 
.0010 


1.00 
0.03 


.0000 


.0050 


.0000 


Odor,  none. Sample  No.  80  was  collected  from  the  spring  before  the  filter-gallery  was  con- 

.stracted. 

Microscopical  Examination, 
September,  1888.    1.  Bine-green  alg»,  0.0;  2.  Other  algse,  0.1;  3.  Fnngi,  0.0;  4.  Animal  forma,  0.0. 
Groups  and  principal  genera  of  organisms  observed :    2.  Palmellacen. 

Tyngsborough. 

Chemical  Examination  of  Water  from  Tyng^s  Pond  in  Tyngsborough. 

[Parti  per  100,000.] 


Datb  of 

Appbaraxcb. 

Kksidub  ov 
Evaporation. 

Ammoxia. 

i 

NlTBOOKX 

_ 

£ 

1 
I 

1- 

^ 

«i 

1 

1 

1* 

&k 

1 

i 

r 

i 
1 

i 

4720  '  May  22  Sf*y  23 

1 

VerysUght. 

81i*t,  white. 

0.0 

2.15 

0.85 

1.80 

.0004 

.0166 
.0124 

.16 

.0020 

1 

1 

.0001 

Odor,  faintly  vegetable. The  sample  was  collected  from  the  pond  200  feet  from  shore. 


Microscopical  Examination. 

1.  Blue-green  aign,  1.0;  2.  Other  alga),  1.2;  3.  FudsI,  0.0;  4.  Animal  forms,  pr. 
Groups  and  principal  genera  of  organisms  observed :    1.  Cyanophyoen,  Anabc&na.    2.  Zooepor 
DiatomacesB.    4.  Rotlfera;  Entomostraca. 
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Water  Supply  op  Uxbridge.  —  Uxbridge  Water  Company. 

Description  of  Works.  —  Population  in  1885,  2,948.  The  works 
are  owned  by  the  Uxbridge  Water  Company,  and  were  built  in  1879. 
Water  is  supplied  to  the  main  village  of  Uxbridge.  The  sources  of 
supply  are  springs,  the  water  of  which  is  collected  by  drains  and 
stored  in  two  small  reservoirs.  The  drains  were  laid  in  three  direc- 
tions from  a  main  drain  300  feet  long  running  up  the  side  of  a  hill. 
Two  of  the  branch  drains  are  each  100  feet  in  length  and  the  third 
is  150  feet  long.  The  larger  reservoir  is  80  feet  long,  60  feet  wide 
and  9  feet  deep,  with  perpendicular  walls  and  ledge  bottom.  The 
walls  are  laid  up  iq  cement  to  one  foot  above  the  surface  of  the 
ground  and  the  reservoir  is  covered  with  a  wooden  roof.  This 
reservoir  was  built  in  1882.  The  smaller  reservoir,  built  in  1879, 
is  25  feet  in  diameter  and  15  feet  in  depth,  and  is  constructed  in  the 
same  manner  as  the  larger  one.  Water  is  distributed  by  gravity. 
Distributing  mains  are  of  cast  iron ;  service  pipes  are  of  wrought  iron. 


Chemical  Examination  of  Water  from  a  Faucet  in  Uxbridge^  supplied  from  the 
Works  of  the  Uxbridge  Water  Company. 

[Parti  p«r  100,000.] 


Datb  or 


APPmASAVOB. 


RSSXDUB  o« 
EVAPOBATIOV. 


H 

p 


;3 


NiTBOOBV 


18 

100 '  Jane  20 


m 

380 
570 

19>& 
1832 

sno 

tU6 


At. 


Jose  20 
July  21 
Aug.  17 
Sept.  14 
Nov,  16 

IS 

Jan.  10 

Mar.U 
Apr.U 
May  11 


87. 

Jane  21 

Jane  21 

Jaly  22 

Aug.  18 

Sept.  14 

Nov.  17 

88. 
Jan.  20 

ICar.  16 

Apr.  14 

May  12; 


None. 

None. 

Sirt,  milky 

None. 

None. 

None. 

None. 
None. 
None. 
None. 


None. 
None. 
None. 
None. 
None. 
None. 

None. 
None. 
None. 
None. 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 


2.70 
2.66 
2.87 
2.96 
2.77 
2.40 

2.20 
2.40 
2.20 
2.25 


0.0 


2.63 


.0001 
.0000 
0002 
.0000 
,0000 
,0002 

,0000 
.0008 
.0000 
.0000 

.0001 


.0002 
.0001 

.ooai 

.0000 
.0010 
.0000 

.0004 
.0010 


.18 
.17 
.10 
.15 
.18 
.17 

.16 
.15 
.17 
.161 


.0(K)0 
.0000 
.0260 
.0130 
.0130 
.0080 

.0180 
.0080 
.0200 
.0120 


.0000 
.0001 
.0000 


.17 


,0118 


Hardnew  in  May,  1888, 0.6.    Odor,  none. The  eamples  were  collected  from  a  faucet  in  the  village, 

with  the  exception  of  No.  160,  which  waa  collected  from  a  pipe  which  conveys  water  to  the  larger  reeer. 
▼olr  from  the  ipringa. 


Microscopical  Examination, 

March,  April,  May,  1888.   Noorganlama. 
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WATER  SUPPLY  AND   SEWEEAGE. 


[Dec. 


Water  Supply   of   Wakefield  and   Stoneham. — Wakefield 

Water  Company. 
Description  of  Works.  —Population  in  1885  :  Wakefield,  6,060 ; 
Stoneham,  5,659;  total,  11,719.  The  works  are  owned  by  the 
Wakefield  Water  Company,  and  were  built  in  1883.  The  average 
daily  consumption  in  1887  was  about  325,000  gallons.  The  source 
of  supply  is  Smith  Pond  or  Crystal  Lake  in  Wakefield.  Its  area  is 
about  55  acres.  At  high  water  about  30  acres  more  are  flowed  to  a 
slight  depth.  The  maximum  depth  of  the  pond  is  26  feet  and  its 
general  depth  is  about  13  feet.  The  bottom  is  of  gravel  except  at 
the  southerly  end  where  it  is  muddy.  The  drainage  area,  of  about 
one  square  mile,  is  for  the  most  part  rocky  pasture  and  woodland, 
though  there  is  quite  a  large  number  of  houses  in  the  vicinity  of  the 
Boston  and  Maine  Kailroad.  Pumps  force  the  water  from  the  pond 
to  the  distributing  mains  and  to  an  open  iron  tank,  40  feet  in 
diameter  and  62  feet  in  height,  located  in  Stoneham.  Distributing 
mains  are  of  wrought  iron  lined  with  cement ;  service  pipes  are  of 
cast  iron. 


Chemical  Examination  of  Water  from 

Crystal  Lake,  Wakefield, 

[Parts  per  100,000.] 

Datb  ov 

Appbarajtcb. 

Rbsidce  on 
Evaporation. 

AmfONiA. 

1 

NmtooKX 

AS 

1 

a 

j 

ii 

H 

c 

1 

I 

§1 

1 

I 

1^ 

1 

1 

88 

18 

Jane  11 

87. 

June  14 

Slight. 

None. 

0.10 

8.65 

1.27 

2.28 

.0029 

.0148 

.68 

.0070 

„ 

816 

July  12 

Jaly  13 

Very  slight. 

None. 

0.20 

8.82 

1.00 

2.82 

.0014 

.0192 

.46 

.0070 

- 

823 

SepL  1 

Sept.  2 

None. 

None. 

- 

8.60 

0.62 

2.98 

.0000 

.0182 

.60 

.0080 

- 

815 

Sept.  20 

Sept.  20 

Very  Blight. 

Verysllght. 

0.10 

3.90 

0.76 

8.16 

.0002 

.0194 

.49 

.0030 

- 

968 

Oct.  18 

Oct.  18 

Very  Blight. 

Slight. 

0.40 

3.60 

0.70 

2.90 

.0000 

.0158 

.60 

.0030 

- 

1182 

Nov.  14 

Nov.  16 

Blight. 

Very  slight. 

0.10 

3.66 

0.80 

2.86 

.0000 

.0170 

.62 

.0040 

- 

1381 

Dec.  12 

Deo.  12 

Distinct. 

Con.,white. 

0.15 

4.00 

1.20 

2.80 

.0000 

.0172 

.64 

.0080 

- 

1676 

IS 

Jan.  24 

88. 
Jan.  26 

Very  Blight. 

Veryslight. 

0.10 

3.90 

1.15 

2.76 

.0007 

.0169 

.64 

.0100 

.0000 

1806 

Feb.  13 

Feb.  13 

Very  slight. 

Sli%  white. 

0.20 

3.96 

1.00 

2.96 

.0033 

.0166 

.52 

.0160 

.0002 

2086 

ICar.  22 

Mar.  22 

Slight. 

Slight. 

0.10 

3.80 

0.80 

3.00 

.0018 

.0160 

.62 

.0120 

.0000 

2177 

Apr.  10 

Apr.  11 

Slight. 

Veryslight. 

0.80 

8.65 

0.80 

2.76 

.0006 

.0166 

.44 

.0190 

.0001 

2409 

May  14 

May  14 

Slight. 

Veryslight, 
white. 

0.10 

8.40 

0.90 

2.60 

.0008 

.0168 

.43 

.0090  .0001 

2881 

Aug.  8 

Aag.  8 

DisUnet. 

Veryslight. 
white. 

0.10 

8.B5 

0.90 

8.05 

.0000 

.0192 
.0176 

.49 

.0000  .0002 
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Chemical  Examination  of  Water  from  Crystal  Lake,  Wakefield — Concluded. 


Datb  ov 

ArPCAXAKCS*. 

Rbsidub  ok 

EVAFOBATIOV. 

AXMOiriA. 

j 

NITROOBN 
AB 

1 

8 

3 

ji 

f 

«; 

1 

1 

§1 

1-^ 

1 

1 

1^ 

^ 

1 

ao» 

IS 

AQg.24 

Aag.25 

Very  Blight. 

VeryBUght. 

0.10 

8.65 

1.00 

t.86 

.0002 

.0170 
.0158 

.45 

.0020 

.0000 

3251 

Bept.2» 

Sept.  25 

None. 

None. 

0.05 

8.46 

0.80 

2.65 

.0008 

.0174 
.0164 

.47 

1 

.0070 

.0000 

8434 
8854 

Oct.  24 

18 

Jan.  10 

Oct.  24 
Jan.  16 

Very  Blight. 
Sli%mllky. 

BUght. 
Blight. 

0.15 
0.10 

8.80 
8.46 

0.86 
0.55 

t.86 

2.90 

.0002 
.0012 

.0170 
.0156 

.0162 
.0106 

1 
.47 

.40 

1 

.0050 
.0200 

.0001 
.0004 

4308 

Mar.  14 

Mar.  15 

DlBtinct. 

ConaWble. 

0.10 

4.00 

1.15 

2.85 

.0004 

.0108 
.0094 

.49' 

i 

.0220 

.0002 

4788 

Jane   6 

Jane  6 

BUgbt. 

Very  BUght. 

0.10 

8.85 

0.90 

2.46 

.0010 

.0166 
.0164 

.49; 
.49! 

.0070 
.0079 

.0000 

At 

0.14 

3.73 

0.92 

2.81 

.0008 

.0165 

.0001 

i 

HardneBB  In  May,  1888, 1.7.    Odor,  falDtly  vegeUble. The  aamplee  were  collected  from  a  faucet 

at  the  pumping  Btatlon  while  pumping,  with  the  exception  of  Nob.  88  and  2881  which  were  collected 
from  the  pond  at  the  Inlet  to  the  water  worka. 

Microscopical  Examination. 


IMS. 

1SS9. 

Aug. 

Ang. 

Sept 

Oct 

Jan. 

Mar. 

Jnne. 

1.  Blue-green  Alg», 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algae 

5.0 

0.7 

2.6 

3.2 

4.6 

20.1 

pr. 

8.  Fungi ^ 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forma, 

0.1 

0.1 

pr. 

0.0 

pr. 

0.1 

0.0 

Groupa  and  principal  genera  of  organlamB  obaerved:  1.  Cyanophyceas.  2.  PalmeUaceae;  Chloro- 
eoeeus;  Zooaporeie;  ViBtomacem,  Aiterionelta,  StephanodUcu9,  Tabellaria;  Volvoclnen.  4.  Protozoa; 
Botlfera;  Entomoetraca. 


Chemical  Examination  of  Water  from  Lake  Qiuinnapountt,  Wakefield, 

[Parts  per  100,000.] 


i^ 


Appbasaxcb. 


Bbbiddb  ok 
svapobatiok. 


NlTXOOUl 
AB 


4108 


IS 

Feb.  23 


Feb.  25 


Blight. 


Slight. 


0.6 


7.10 


2.10 


5.00 


.0000 


.0266 
.0180 


.79 


.0280 


.0005 


Hardneaa,  2.8.    Odor,  faintly  vegetable. The  aample  waa  collected  from  the  lake. 
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VTATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


Water  Supply  of  Waltham. 
Description  of  Works.  —  Population  in  1885, 14,609.  The  works 
are  owned  by  the  city  and  were  built  in  1873.  The  average  daily 
consumption  in  1888  was  534,000  gallons.  The  source  of  supply  is 
an  open  filter-basin  on  the  left  bank  of  Charles  River  above  the  city. 
The  basin  is  irregular  in  shape,  and  has  an  area  of  about  one-fourth 
of  an  acre.  The  bottom  in  the* middle  is  8.5  feet  below  the  average 
level  of  the  water  in  the  river.  The  walls  of  the  basin  are  of  rough 
stone  laid  dry.  In  1886  a  direct  connection  was  laid  between  the 
river  and  the  basin,  but  it  has  never  been  used.  Pumps  force  the 
water  from  the  basin  to  an  open  distributing  reservoir,  which  is  oval 
in  shape ;  the  longer  diameter  measured  on  the  bottom  is  260  feet 
and  the  shorter  one  210  feet.  The  depth  of  water  when  full  is  15 
feet  and  the  area  of  the  water  surface  about  62,000  square  feet.  Its 
capacity  is  a  little  over  6,000,000  gallons.  The  bottom  is  of  clay, 
and  the  slopes  are  paved  with  granite  blocks.  Water  enters  the 
reservoir  at  one  side  and  is  drawn  out  at  the  other ;  and,  as  a  rule, 
all  water  pumped  passes  through  the  reservoir.  Distributing  mains 
were  originally  of  wrought  iron  lined  with  cement,  but  cast  iron  is 
now  used  for  extensions.  Service  pipes  are  of  wrought  iron  lined 
with  cement.  A  vegetable  growth  occurs  in  the  bottom  of  the  filter- 
basin  during  the  summer  months. 


Chemical  Examination  of  Water  from  FiUer-Basin  of  the  Waltham  Water  Works, 

[Parts  per  100,000.] 


Datk  or 

Afpbabamcb. 

Evaporation. 

Amxoxia. 

1 

KiTBOOSV 
AB 

^ 

j 

P 

f 

1 

I 

I 

§1 

1 

1 

|l 

1 

S 

fll 

18 

Jane  9 

June  10 

_ 

« 

0.00 

7.10 

_ 

_ 

.0002 

.0078 

.44 

.0200 

- 

261 

July    6 

July    7 

Verysllght. 

None. 

0.00 

i   T.M 

- 

- 

.0012 

.0035 

.54 

.0200 

- 

603 

Aug.  8 

Aug.   0 

None. 

None. 

0.00 

6.82 

- 

- 

.0008 

.0084 

.46 

.0260 

- 

717 

Sept.  8 

Sept.  0 

Slight. 

Slight. 

0.00 

6.40 

- 

- 

.0012 

.0048 

.49 

.0260 

- 

018 

Oct.  10 

Oct.  11 

None. 

None. 

0.00 

6.55 

- 

- 

.0000 

.0022 

.43 

.0260 

- 

1120 

Nov.    8 

Nov.   9 

Very  alight. 

Con.e'rthy. 

0.00 

6.60 

- 

- 

.0004 

.0024 

.47 

.0200 

- 

1351 

Dec.    8 

Dec.    8 

Verysllght. 

Slight. 

0.00 

6.35 

- 

- 

.0008 

.0026 

.48 

.0250 

- 

1501 

18 

Jan.    0 

88. 

Jan.  10 

None. 

Verysllght. 

0.00 

6.70 

- 

- 

.0000 

.0027 

.47 

.0350 

.0001 

1770 

Feb.    7 

Feb.    8; 

Very  alight. 

None. 

0.00  ' 

1 

6.85 

- 

- 

.0000 

.0080 

.47 

.Q2S0 

.0005 
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CkenUeal  ExamineUion  of  Water  from  Filter-Basin  of  the  Waltham  Water 
Works — Concluded. 


IUtb  ov 

AFPSABAMOa. 

Rbsidub  0« 

BVAPOSATIOH. 

AmonA. 

1 

KiTBOOBN 
AS 

1 

1 

rf 

f 

1 

1 

1 

S5 

•| 

1 

|l 

A 

K 

107& 

18 

Mar.   7 

88. 
Mar.   8 

None. 

Slight. 

0.00 

6.80 

^ 

^ 

.0002 

.0074 

.48 

.0250 

.0004 

SIM 

Apr.  11 

Apr.  12 

Very  slight. 

Slight. 

0.00 

8.40 

- 

- 

.0000 

.0086 

.46 

.0800 

.0004 

S881 

May    8 

May    9 

Veryilight. 

VeryaUght. 

0.00 

6.70 

- 

- 

.0000 

.0060 

.47 

.0250 

.0006 

2S04 

June  12 

JooelS 

None. 

None. 

0.00 

6.55 

- 

•    - 

.0000 

.0062 
.0080 

.48 

.0600 

.0002 

tns 

July    6 

July   6 

VeryiUght. 

None. 

0.00 

6.89 

- 

- 

.0004 

.0058 
.0050 

-47 

.0850 

.0002 

2905 

Aug.  10 

Aug.  10 

None. 

None. 

0.00 

7.00 

- 

- 

.0066 

.0066 

.47 

.0200 

.0001 

S216 

Sept.  18 

Sept.  19 

Veryilight. 

Verysllght. 

0.00 

7.80 

- 

- 

.0016 

.0080 
.0040 

.45 

.0120 

.0008 

ssa 

Oet.  12 

Oct.  18 

SUght. 

SU't  green. 

0.00 

6.20 

- 

- 

.0002 

.0080 
.0046 

.44 

.0200 

.0001 

8518 

Nov.   9 

Nov.  10 

Verysllght. 

Verysllght. 

0.05 

6.65 

- 

- 

.0022 

.0044 

.48 

.0250 

.0008 

M72 

Dec.    7 

Dae.   8 

None. 

Blight. 

0.00 

6.80 

- 

- 

.0024 

.0044 

.46 

.0280 

.0004 

8089 

18 

Jab.  20 

88. 

Jan.  28 

None. 

VeryaUght. 

0.00 

6.25 

. 

. 

.0016 

.0082 

.47 

.0400 

.0004 

4O02 

Feb.    8 

Feb.    9 

None. 

None. 

0.00 

6.36 

- 

- 

.0002 

.0018 

.51 

.0500 

.0001 

4086 

Feb.  22 

Feb.  23 

None.  •. 

Verysllght. 

0.00 

6.46 

- 

- 

.0000 

.0084 

.47 

.0420 

.0002 

4858 

Mar.    8 

Mar.  9 

Verysllght. 

None. 

0.00 

6.60 

- 

- 

.0000 

.0062 

.60 

.0400 

.0001 

4808 

Apr.  12 

Apr.  18 

VeryaUght. 

None. 

0.08 

6.45 

- 

- 

.0000 

.0052 

.47 

.0200 

.0008 

4846 

May  10 

May  11 

None. 

Sll»t,e»rthy. 

0.00 

6.50 

- 

- 

.0018 

.0036 

.45 

.0860 

.0001 

At 

0.00 

6.62 

.0008 

.0045 

.47 

.0202 

.0003 

Hardness  In  May,  1888,  8.8;   In  May,  1880,  8.2.    Odor,  generaUy  disagreeable.  - 
ware  ooUeeted  from  the  fllter-basln. 


-The  samples 


- 

Microscopical  Examination, 

1888. 

1888. 

June. 

July. 

Aug. 

Sept 

Oct 

Nov. 

I>ec 

Jan. 

Feb. 

Feb. 

Mar. 

Apr. 

May. 

1-  Bhie-green  AJgas,     . 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  OtherAlgm,     .       .       . 

8.1 

1.0 

1.8 

21.0 

3.6 

1.2 

pr. 

pr. 

pr. 

0.2 

0.2 

1.1 

0.1 

».  ^nngl,       .... 

0.1 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,         .       . 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Oronps  and  principal  genera  of  organisms  observed :    1.  Oyanophyoen.    2.  PalmeUacen,  Ohlonh- 
eocou;  ZooapozMBk  B^Mdium,  Semedmnut;  Desmldiaoaa;  Dlatomac6«;  Zygnemacete. 
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WATER  SUPPLY  AND  SEWERAGE. 


[Deo. 


Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  WaUham 

Water  Works, 

[Parts  per  100,000.] 


DATS  or 

Appbaxanob. 

KBaiDUB  OH 
EVAPORATIOir. 

AxMomA. 

j 

NITBOGBX 
AS 

1 

525 

J 

1^ 

f 

^ 

1 

1 

j! 

1 

1 

i^ 

55 

1 

63 

Jane   9 

ST. 

June  10 

_ 

_ 

0.0 

6.22 

« 

„ 

.0007 

.0055 

.84 

.0130 

_ 

282 

July    6 

Jaly    7 

Very  slight. 

SUght. 

0.0 

6.70 

- 

- 

.0010 

.0051 

.M 

.0260 

- 

602 

Aug.  8 

Aug.  9 

Very  slight. 

VerysUght. 

0.0 

7.65 

- 

- 

.0022 

.0U6 

.53 

.0260 

- 

718 

Sept.  8 

Sept.  9 

Slight. 

VerysUght. 

0.0 

6.47 

- 

- 

.0005 

.0056 

.47 

.0130 

- 

010 

Oct.  10 

Oct.  11 

None. 

None. 

0.0 

6.45 

- 

- 

.0000 

.0042 

.43 

.0260 

- 

1180 

Nov.   8 

Nov.   9 

Very  slight. 

VerysUght. 

0.0 

6.60 

- 

- 

.0000 

.0012 

.46 

.0140 

- 

1352 

Dec.    8 

Dee.    8 

Very  slight. 

VerysUght. 

0.0 

6.55 

- 

- 

.0002 

.0066 

.48 

.0200 

- 

1562 

18 

Jan.    9 

8S. 
Jan.  10 

Slight. 

VerysUght. 

0.0 

6.40 

- 

- 

.0000 

.0068 

.47 

.0280 

.0000 

1771 

Feb.    7 

Feb.    8 

SUght. 

Slight. 

0.0 

6.60 

- 

- 

.0000 

.0078 

.47 

.0200 

.0005 

1074 

Mar.    7 

Mar.   8 

DUtlnct.- 

SUght. 

0.0 

6.50 

- 

- 

.0004 

.0088 

.45 

.0200 

.0002 

2197 

Apr.  11 

Apr.  12 

Distinct. 

VerysUght. 

0.0 

6.40 

- 

- 

.0000 

.0061 

.47 

.0250 

.0003 

2382 

May    '8 

May    0 

Distinct. 

None. 

0.0 

6.25 

- 

- 

.0002 

.0078 

.48 

.0250 

.0002 

2505 

June  12 

June  13 

SUght. 

SU't,  white. 

0.0 

6.25 

- 

- 

.0000 

.0080 
.0042 

.46 

.0200 

.0003 

2730 

July    5 

July    6 

VerysUght. 

VerysUght. 

0.0 

6.90 

- 

-% 

.0000 

.0054 
.0042 

.47 

.0880 

.0003 

2906 

Aug.  10 

Ang.  10 

Slight. 

VerysUght. 

0.0 

6.85 
6.80 

- 

- 

.0010 

.0002 
.0060 

.40 

.0220 

.0002 

8215 

Sept.  18 

Sept.  19 

VerysUght. 

v.^^, 

0.0 

6.25 

- 

- 

.0004 

.0096 
.0064 

.42 

.0220 

.0002 

8364 

Oct.  12 

Oct.  13 

VerysUght. 

None. 

0.0 

6.50 

- 

- 

.0004 

.0048 
.0024 

•"! 

.0390 

.0002 

8519 

Nov.   9 

Nov.  10 

VerysUght. 

SU%  green. 

0.0 

6.30 
6.25 

- 

- 

.0006 

.0086 
.0046 

.48 

.0250 

.0002 

8673 
8940 

Dec.    7 

18 

Jan.  26 

Dec.    8 

80. 

Jan.  28 

VerysUght. 
SUght. 

Oonsld'ble. 

Con.,  light 
green. 

0.0 
0.0 

6.15 
6.15 

6.25 
5.75 

- 

- 

.0000 
.0006 

.0070 
.0038 

0088 
.0044 

.45 
.47 

.0250 
.0800 

.0007 
.0002 

4003 

Feb.    8 

Feb.    9 

Distinct. 

Con.,  Ught 
green. 

0.0 

6.40 
6.00 

- 

- 

.0000 

.0080 
.0094 

.46 

.0260 

.0003 

4096 

Feb.  22 

Feb.  23 

SUght. 

Heavy, 
green. 

0.0 

6.10 
5.85 

- 

- 

.0000 

.0066 
.0028 

.47 

.0400 

.0005 

4259 

Mar.   8 

Mar.    9 

VerysUght. 

Slight. 

0.0 

6.20 
6.10 

- 

- 

.0000 

.0076 
.0094 

.47 

.0300 

.0008 

4509 

Apr.  12 

Apr.  18 

SUght. 

Con.igreen. 

0.0 

6.20 

- 

- 

.0098 
.0040 

.46 

.0180 

.0008 

4646 

May  10 

May  11 

VerysUght. 

Con.,  light 
green. 

0.0 

6.10 
6.44 

„ 

- 

.0010 

.0062 
.0046 

.46 

.0250 

.0003 

Av 

0.0 

- 

.0004 

.0072 

.46 

.0242 

.0008 

Hardness  In  May,  1888, 3.1 ;  In  May,  1880,  2.0.    Odor,  generaUy  none,  oceaslonaUy  disagreeable. 

The  samples  were  ooUected  from  the  reservoir. 
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Microaoopical  Examination. 


188S. 

lUSft. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

D«c. 

Jan. 

Feb. 

Feb. 

Mar. 

Apr. 

May. 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.0(h«rAlg»,  .        .        . 

3.5 

0.0 

21.0 

2.0 

2.2 

8.8 

16.0 

19.3 

76.0 

1260.2 

1100.1 

88.1 

0.0 

8.Fnngi 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animtl  Forma,     . 

pr. 

pr. 

pr. 

pr. 

0.0 

0.0 

0.0 

5.6 

0.3 

4.2 

60.0 

2.2 

0.6 

Qroapaand  principal  genera  of  organlams  obaerved :  1.  Oyanophycen.  2.  Palmellaoeie,  Chloro- 
eoceuit  Protococcus  ;  Zoospores,  Scenedetmns  ;  Deamidlaceas ;  Diatomaceaa,  AMterioneiiat  Staurogenia, 
^*phaM.odi9cu»,  Synedra  ;  Zygnemaoe».    4.  Protozoa,  Trachelomonat. 

Of  the  organisms  present  in  February  and  March,  1889,  Aet&rlonella  and  Synedra  were  the  most 

abundant. 


Chemical  Examination  of  Walerfrom  faucets  in  WaUham^  supplied  from  the 
WdUham  Water  Works. 

[Parts  per  100,000.] 


Datb  or 


^1 

sr 


Appbabamok. 


3 


Rksiduk  osr 

EVAPORATIOW. 


r 


2196 
4M7 


18 

Apr.U 

1» 

Uay  10 


S8. 

Apr.  12 

89. 

May  11 


None.- 
Very  slight. 


None. 
Con., white. 


0.05 
0.00 


6.66 
6.25 


,0000 
.0000 


.46    .0230 
.47    .0160 


,0000 
.0000 


Hardness  in  May,  1880, 2.9. The  samples  wero  collected  from  faucets  in  the  city. 

Microscopical  Examination, 

April,  188&.    1.  Bine-green  algas,  0.0;   2.  Other  aign,  pr.;   8.  Fungi,  0.0;   4.  Animal  forms,  pr. 
May,  1889.    1.  Blue-green  aigie,  0.0;  2.  Other  alg»,  170.0;  8.  Fungi,  0.0;  4.  Animal  forms,  161.0. 
Groups  and  principal  genera  of  organisms  observed :    2.  Zoosporece ;  Diatomace»,  AaUrionella^ 
Sfnudra.   4.  Protozoa,  JHnobryont  TracKelcmonM, 


Chemical  Examination  of  Water  from  Charles  Biver  at  WaUham, 

[Parts  per  100,000.] 


Datk  of 

Appbarakgb. 

Rbsidub  on 
Evaporation. 

Ammohia. 

1 

NITSOOKN 
AS 

s 

1 

=1 

i 

B 

1 

1 

i 

■2 

1 

|1 

< 

55 

9i 

flfi 

280 
601 

June  9 
July   6 
Ang.  g 

87. 

June  10 

July    7 
Ang.  9 

Very  slight. 
SUght. 

None. 
Con.,brown. 

1.20 
0.60 
0.70 

6.07 
5.60 
6.20 

2.82 
1.80 
1.37 

8.75 
8.70 
4.83 

.0044 
.0034 
.0052 

.0440 
.0249 
.0270 

.40 
.40 
.38 

.0000 
.0000 
.0030 

- 
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Otemical  Examination  of  Water  from  Charkt  Biver  at  Waltham — Concluded. 


DATS  OV 

APPKAaAMCB. 

RssiDca  ox 

EVAPOKATIOX. 

Ammohxa. 

XlTKOOKI 
AS 

'A 

1 

1 

.2 

1 

1 

1 

§1 

h 

1 

1^ 

» 

1 
1 

716 

18 

Sept.  8 

8T. 
Sept.  9 

Slight. 

Con.,brown. 

0.55 

6.27 

1.40 

4.87 

.0027 

.0271 

.60 

.0070 

_ 

917 

Oct.  10 

Oct.  11 

Slight. 

VerysUght. 

0.50 

6.90 

1.10 

4.80 

.0010 

.0241 

.67 

.0070 

- 

1128 

Not.    8 

Nov.    9' 

Decided. 

Slight. 

0.50 

6.20 

1.75 

4.45 

.0010 

.0192 

.06 

.0000 

- 

1350 

Dec.    8 

Dec.    8 

Distinct. 

Verysllght. 

0.50 

6.85 

2.10 

4.75 

.0026 

.0272 

.66 

.0200 

- 

1603 

18 

Jan.    6 

88.          ! 
Jan.  10 

Slight. 

Verysllght. 

0.90 

6.10 

1.95 

8.15 

.0006 

.0271 

.86 

.0200 

.0000 

17» 

Feb.    7 

Feb.    8 

Slight. 

^^'J.Sr' 

0.60 

6.20 

1.90 

4.80 

.0063 

.0289 

.40 

.0270 

.0001 

1«73 

Mar.    7 

Mar.    8 

Slight. 

811\earthy. 

0.60 

4.60 

1.70 

2.90 

.0013 

.0251 

.82 

.0120 

.0000 

2195 

Apr.  11 

Apr.  12 

DIatinct. 

1 

SU»t.  white. 

0,90 

4.05 

1.40 

2.65 

.0000 

.0250 

.28 

.0070 

.0001 

2880 

May    8 

May    9 'I  Distinct. 

Verysllght. 

0.90 

4.60 

1.55 

2.95 

.0026 

.0284 

.80 

.0080 

.0001 

2593 

Jane  12 

June  13 

Slight. 

Slight. 

1.00 

5.60 

t.OO 

8.60 

.0032 

.0366 
.0832 

.30 

.0120 

.0008 

2728 

July    5 

July    6 

Slight. 

SUght. 

0.40 

5.30 

1.75 

8.55 

.0040 

.0324' 
.0240 

.40 

.0070 

.0001 

2904 

Aug.  10 

Aug.  10 

Slight. 

Sirt,brown. 

0.30 

5.80 

1.00 

4.80 

.0040 

.0248 
.0196 

.46 

.0030 

.0001 

8214 

Sept.  18 

Sept.  19 

Veryellght. 

Verysllght. 

0.55 

5.70 

1.60 

4.10 

.0034 

.0316 
.0240 

.44 

.0030 

.0008 

8863 

Oct.  12 

Oct.  13 

Distinct. 

Verysllght. 

1.40^ 

5.50 

2.46 

•,.0026 
8.05  1 

.0328 
.0320 

.38 

.0120 

.0006 

8617 

Nov.   9 

Nov.  10 

VerysUgfat. 

Slight. 

1.30 

5.40 

2.50 

2.90 

.0038 

.0276 
.0262 

.47 

.0150 

.0004 

3671 
8938 

Dec.    7 

18 

Jan.  26 

Dec.    8 

80. 

Jan.  29 

None. 
Verysllght. 

Veryslight. 
Verysllght. 

0.50 
0.35 

3.90 
3.85 

1.40 
1.05 

2.50 
2.80 

.0002 
.0008 

.0178 
.0156 

.0164 
.0142 

.37 
.34 

.0100 
.0150 

.0005 
.0003 

4001 

Feb.  12 

Feb.  13 

Veryslight. 

Sli*t,  earthy 
and  floc't. 

0.45 

4.25 

1.20 

8.05 

.0004 

.0174 
.0146 

.40 

.0200 

.0002 

4094 

Feb.  22 

Feb.  23 

SUght. 

Slight. 

0.50 

4.40 

1.10 

8.30 

.0000 

.0182 

.86 

.0200 

.0006 

4257 

Mar.   8 

Mar.   9 

Verysllght. 

VerysUght. 

0.30 

4.00 

1.05 

2.95 

.0004 

.0202 
.0172 

.87 

.0100 

.0004 

4507 

Apr.  12 

Apr.  13 

Verysllght. 

SUght. 

0.60 

4.15 

1.55 

2.60 

.0000 

.0250 
.0222 

.36 

.0060 

.0002 

4644 

May  10 

May  11 

SUght. 

Con.,earthy 
and  floc*t. 

1.10 

4.85 

2.25 

1.70 

2.60 

.0060 
.0024 

.0346 
.0290 

.88 

.0070 
.0104 

.0008 

Av. 

0.69 

6.62 

8.92 

.0265 

.0002 

Hardness  in  May,  1888, 1.9.    Odor,  faintly  vegetable,  occasionally  mouldy. The  samples  were 

collected  from  the  river  near  the  fllter-basln  of  the  Waltham  Water  Works. 
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Mieroaeopical  Examination. 


ISM.                           1 

186». 

Join. 

Jnly. 

Aug. 

Sept. 

Oct 

KOT. 

Dea 

Jan. 

Fab. 

Fab. 

Kar. 

Apr. 

May. 

L  Bine-green  Alg», 

0.0 

0.0 

0.0 

pr. 

P'. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1  Other  AlcfB,.       .       .       . 

0.5 

4.8 

1.1 

0.4 

0.2 

1.8 

0.2 

0.2 

1.7 

1.2 

1.5 

1.6 

0.7 

S.  FoDgi 

2.6 

0.8 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

4.  Aoliaal  Forma,    .              / 

3.2 

11.5 

0.8 

0.8 

pr. 

0.0 

pr. 

pr. 

1.0 

pr. 

0.8 

O.S 

80.0 

Oroapa  and  principal  genera  of  organisms  obeerved:  1.  Cyanophyoen.  2.  Palmellaoee;  Zoo- 
•pores;  Deamidlaoes;  Platomacen,  MeloHra,  Sffnedra;  ZygnemacMe.  8.  BchUomycetea,  Ltptothrix. 
4-  Protoioa,  JMmottnftm ;  KoUlera. 


Water  Supply  op  Ware. 
Description  of  Works.  —  Population  in  1885,  6,003.  The  works 
are  owned  by  the  town.  Water  was  introduced  in  December,  1886. 
The  average  daily  consumption  in  1888  was  133,400  gallons.  The 
source  of  supply  is  a  large  coyered  well  on  the  left  bank  of  Muddy 
Brook,  a  short  distance  above  its  confluence  with  the  Ware  River. 
The  well  is  26  feet  in  diameter  and  22  feet  deep,  built  of  brick  laid 
in  cement.  Pumps  force  the  water  from  the  well  to  an  open  dis- 
tributing reservoir  situated  on  the  opposite  side  of  the  town  from 
the  well.  The  reservoir  is  rectangular  in  shape,  154.5  feet  long  and 
97.5  feet  wide  at  the  top.  It  is  15  feet  deep  when  full,  and  con- 
tains 1,558,000  gallons.  The  bottom  is  covered  with  a  layer  of 
concrete  six  inches  in  thickness  and  the  slopes  are  paved  with  stone. 
Beneath  the  stone  paving  a  layer  of  concrete  10  inches  in  thickness 
extends  from  the  bottom  up  the  slope  to  a  level  eight  feet  below 
the  top  of  the  embankment.  Distributing  mains  are  of  cast  iron ; 
service  pipes  are  of  wrought  iron  lined  with  cement. 


Chemical  ExamirMiwn  of  WaJterf 

rom 

the  Well  of  the  Ware  Water  Works. 

[Parte  per  100,000.] 

DATS  or 

Appxaranob. 

RaaiDUK  ow 

EVAPOBATIOX. 

AMMOmA. 

1 

NlTBOGBM 
A0 

1 

1 

1^ 

f 

1 

1 

I 

§1 

1 

i 

i 

■  s 

s 

lao 

18 

June  22 

June  24 

None. 

None. 

0.0 

6.07 

^ 

„ 

.0000 

.0001 

0.38 

.2340 

^ 

e5.JTily2« 

Jnly  28 

Very  Blight. 

None. 

0.0 

7.86 

- 

- 

.0006 

.0010 

0.51 

.2200 

- 

«86^Aug.2« 

AQg.20 

None. 

None. 

0.0 

7.05 

- 

- 

.0000 

.0008 

0.48 

.1660 

- 

861  Bepua 

Oct.     1 

None. 

None. 

0.0 

7.60 

- 

- 

.0000 

.0008 

0.62 

.8380 

- 
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Chemical  ExamincUtan  of  Water  from 

\  the  Well 

tf  the  Ware  Water  Works  ^  Con. 

Datb  or 

Rbsiddb  ox 

EVATORATIOV. 

1 

KXTBOOBV 

AM 

1 

j 

1^ 

f 

1 

1 

1 

1 

1 

lj 

% 

;£ 

1086 

IS 

Nov.   1 

87. 

Nov.   2 

None. 

None. 

0.0 

7.10 

« 

_ 

.0000 

.0022 

0.50! 

.3000 

. 

1271 

Not.  29 

Nov.  80 

None. 

None. 

0.0 

0.06 

- 

- 

.0004 

.0018 

0.53 

.8600 

- 

1641 

18 

Jan.    3 

88. 
Jan.    0 

None. 

None. 

0.0 

0.45 

» 

• 

.0000 

.0018 

0.60 

.1100 

.0001 

1090 

Jan.  24 

Jan.  20 

None. 

None. 

0.0 

0.65 

- 

- 

.0000 

.0008 

0.48 

.2200 

.0004 

1883 

Feb.  21 

Feb.  23 

Distinct. 

81i»t,e*rthy. 

0.0 

7.00 

- 

.0002 

.0080 

0.60 

.2760 

.0001 

2074 

lCar.20 

Mar.  22 

Very  alight. 

None. 

0.1 

0.80 

- 

.0000 

.0012 

0.52  j 

.8260 

.0003 

2271 

Apr.  17 

Apr.  21 

None. 

None. 

0.0 

5.90 

- 

- 

.0000 

.0018 

0.40 

.2600 

.0002 

2408 

May  18 

May  19 

None. 

None. 

0.0 

7.20 

- 

- 

.0000 

.0000 

0.52 

.3250 

.0006 

2083 

Jane  26 

Jane  28 

1 

None. 

None. 

0.0 

8.15 

- 

- 

.0000 

.0014 

0.04 

.4260 

.0001 

2851 

July  24 

July  20 

None. 

None. 

0.0 

8.85 

- 

- 

.0000 

.0014 

0.09 

.3600 

.0003 

3025 

Aug.  23 

Ang.24J 

None. 

None. 

0.0 

8.00 

- 

- 

.0000 

.0008 

0.70  j 

.3000 

.0002 

8234 

Sept.  20 

Sept.  21 

None. 

None. 

0.0 

9.10 

- 

- 

.0000 

.0004 

0.08 

.4000 

.0008 

8377 

Oct.  18 

Oct.  17. 

1 

Very  alight. 

None. 

0.0 

7.80 

- 

- 

.0000 

.0000 

0.70 ' 

1 

.5200 

.0002 

8010 

Nov.  27 

Nov,  28' 

None. 

None. 

0.0 

7.00 

- 

- 

.0000 

.0004 

9.70 

.3000 

.0001 

8725 

Dec.  14 

Deo.  15 

None. 

None. 

0.0 

7.80 

- 

- 

.0000 

.0004 

0.00 

.2800 

.0001 

8807 

18 

Jan.  17 

80. 

Jan.  19 

None. 

None. 

0.0 

7.25 

_ 

.« 

.0000 

.0004 

0.07 

.3000 

.0000 

4265 

Mar.    8 

Mar.   9 

None. 

None. 

0.0 

7.45 

- 

- 

.0000 

.0028 

0.79 

.1800 

.0001 

4480 

Mar.  28 

Mar.  80 

None. 

None. 

0.0 

7.70 

- 

- 

.0000 

.0010 

0.81 

.4400 

.0000 

4548 

Apr.  19 

Apr.  22 

None. 

None. 

0.0 

8.75 

- 

- 

.0000 

.0008 

0.00 

.3100 

.0001 

4081 

May  10 

May  17 

None. 

None. 

0.0 

9.26 

- 

- 

.0000 

.0008 

1.05 

.3000 

.0000 

Av. 

0.0 

7.61 

- 

.0000 

.0011 

.03 

,.2091 

.0002 

Hardneaa  in  May,  1888,  2.5.    Odor,  none. The  aamplee  were  collected  from  a  faucet  at  the 

pamping  itation  while  pomping.    Subsequent  analyses  do  not  show  any  further  increase  tn  the  amount 
of  chlorine  or  nitrates. 


Microscopical  Examination, 


1888. 

1889. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Mar. 

Bfar. 

Apr. 

May. 

1.  Blue-green  Alg» 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algae 

pr. 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

•pr. 

pr. 

0.0 

0.0 

0.0 

3.  Fungi, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,     .... 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Groups  and  principal  genera  of  organisms  observed :    2.  Zoospores;  Diatomaoes. 
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Chemical  Examinaiion  of  Water  from  the  DiUr&mting  Beaervoir  of  the  Ware 

Water  Works. 
CPutapw  100,000.] 


Datb  or 

APPSABA9CB. 

RsaiDUS  OK 
EVAPOBATIOH. 

AmiosiiA. 

1 

NrraooBV 

A8 

1 

1 

if 
a 

1 

1 

1 

t 

§1 

1^ 

1 

1 

i 

1 

^ 

181 

18 

June  22 

87. 

June  24 

Slight. 

SUght. 

0.00 

6.n 

„ 

„ 

.0001 

.0010 

.37 

'.2080 

_ 

4M 

July  28 

July  28 

Slight. 

None. 

0.10 

7.42 

- 

- 

.0068 

.0183 

.43 

.2000 

1 

- 

834  Aag.27 

Aug.  29 

Decided. 

None. 

0.20 

7.05 

- 

- 

.0030 

.0285 

.43 

'.1560 

- 

MO 

Sept.  30 

Oct.     1 

Diatinot. 

VeryaUght. 

0.00 

7.60 

- 

- 

.0010 

.0209 
.0070 

.47 

.2080 

- 

lOM 

Nov.  1 

Nov.  2 

BUght. 

VeryaUght, 
white. 

0.00 

7.85 

- 

.0000 

.0090 

.56 

.2500 

- 

1270 

Nov.  28 

Nov.  80 

BUght. 

SUght. 

0.00 

7.20 

- 

- 

.0004 

.0054 

.53 

.8400 

- 

1Mb 

18 

Jan.    3 

88. 

Jan.    6 

Slight. 

Blight. 

0.00 

6.00 

» 

.0004 

.0068 

.45 

.2200 

.0030 

1704  Jan.  80 

Jan.  81 

SUght. 

BU't,brown. 

0.10 

7.60 

- 

- 

.0000 

.0028 

.44 

.3000 

.0008 

1884 

Feb.  31 

Feb.  23 

SUght. 

Sli*t,brown. 

0.05 

7.15 

- 

- 

.0000 

.0046 

.62 

.2600 

.0006 

2075 

Mar.  20 

Mar.  22 

Dlatinct. 

None. 

0.00 

6.80 

- 

- 

.0008 

.0070 

.40 

.2250 

.0009 

2272 

Apr.  17 

Apr.  21 

Diatinot. 

Slight. 

0.00 

6.65 

- 

- 

.0028 

.0160 

.45 

.2500 

.0012 

2467 

May  18 

May  19 

Slight. 

VeryaUght. 

0.06 

6.75 

- 

- 

.0018 

.0162 

.44 

.1250 

.0018 

2682 

Jane  25 

Jnne28 

Very  alight. 

Slight. 

0.06 

6.75 

- 

- 

.0046 

.0132 
.0066 

.52 

.2250 

.0024 

2850 

July  24 

July  26 

Slight. 

SU*t,  green. 

0.00 

7.75 
7.20 

- 

- 

.0018 

.0098 
.0086 

.56 

.3000 

.0019 

9026 

Aug.  23 

Aug.  24 

Veryallght. 

VeryaUght. 

0.00 

8.35 
8.30 

- 

- 

.0022 

.0062 
.0060 

.57 

.2200 

.0022 

3235 

Sept.  20 

Sept.  21 

Very  alight. 

VeryaUght. 

0.00 

8.75 
8.46 

- 

- 

.0024 

.0070 
.0050 

.62 

.3500 

.0028 

8378 

Oct.  16 

Oct.  17 

VeryaUght. 

SU*t,  white. 

0.00 

8.15 
8.00 

« 

.0010 

.0126 
.0088 

.68 

.8600 

.0013 

8617 

Nov.  26 

Nov.  28 

None. 

SHght. 

0.00 

8.29 
6.10 

_ 

.0032 

.0036 
.0014 

.70 

.3000 

.0006 

8726 
8868 

Dec.  13 

IS 

Jan.  16 

Doc.  15 

8». 

Jan.  19 

Slight. 
Slight. 

Con.,whlte. 
SUght. 

0.00 
0.00 

8.25 
7.60 

7.45 
7.35 

- 

- 

.0000 
.0008 

.0030 
.0022 

.0054 
.0028 

.70 
.68 

.3200 
.2750 

.0006 
.0006 

4256 

Mar.   8 

Mar.   9 

None. 

VeryaUght. 

0.00 

7.05 

- 

- 

.0000 

.0044 

.72 

.2800 

.0007 

4437 

Mar.  28 

Mar.  80 

VeryaUght. 

VeryaUght. 

0.00 

7.90 

- 

- 

.0004 

.0058 
.0042 

.77 

.4000 

.0010 

4649 

Apr.  19 

Apr.  22 

Veryallght. 

Veryallght. 

0.00 

8.85 

- 

- 

.0006 

.0066 
.0026 

.81 

.8000 

.0017 

4682 

May  16 

May  17 

VeryaUght. 

VeryaUght. 

0.00 

9.80 

- 

- 

.0020 

.0092 
.0050 

.90 

.8000 

.0034 

At. 

0.02 

7.67 

- 

- 

.0015 

.0094 

.58 

.3597 

.0015 

Hardneea  in  Febmary,  1888, 2.6;  in  May,  1888,  2.6.    Odor,  generally  none,  rarely  diaitgreeable. 

The  aamplea  were  collected  from  the  reaervolr  or  from  the  flrat  Up  on  the  main  pipe  leadUig  from  tho 
rwenroir.   The  reservoir  waa  drawn  ofC  and  cleaned  May  3, 1889. 
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Microscopical  Examinatian. 


[Dec. 


ism.                      1 

19S». 

June. 

Jajy. 

Aug. 

Sept 

Oct 

Nov. 

I>ec 

Jui. 

Mar. 

Mar. 

Apr. 

May. 

1.  Bloe-green  AlgaB, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algn,        .       .       .       . 

lft2.5 

602.1 

20.4 

0.4 

0.0 

0.0 

0.1 

0.0 

0.0 

0.1 

0.0 

pr. 

«.»«»g« 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,  .... 

0.2 

8.0 

o.e 

0.1 

0.0 

Z':_ 

pr. 

0.0 

0.0 

0.0 

0.0 

pr. 

Qroups  and  principal  genera  of  organisms  observed:  1.  Cyanophycen.  2.  PalmellacesB;  Zoo- 
•porecB,  Saphidiumt  Scenedttmut;  Desmidiacen;  DlaU>mace»»  Spnedra.  8.  Sehlzomyoetea.  4.  Pro- 
tozoa, PMdinium;  BoUf  era ;  Bntomostraca.  Nearly  all  of  the  organisms  present  In  June  and  July,  1888f 
were  Synedra. 

Chemical  Examination  of  Water  from  a  Faucet  in  Ware,  supplied  from  the  Ware 

Water  Works. 

[Parts  per  100,000.] 


DATk  or 

Appbarancb. 

EVAPOSATIOir. 

AmroxiA. 

j 

mTBOOBX 
AS 

1 

1 

ii 

f 

i 

1 

1 

§1 

1 

1 

1^ 

1 

1 

1805 

18 

Jan.  24 

88. 
Jan.  26 

None. 

None. 

0.0 

7.05 

- 

- 

..0000 

.0020 

.61 

.2800 

.0004 

Chemical  Examination  of  Water  from  Muddy  Brook  at  Ware, 

[Parts  per  100,000.] 


Datb  of 

Appbaxamcb. 

RBSIDUB  OV 
EVAPOBATIOM. 

Ammomia.  I 

1 

1 

NiTBOOB* 
AS 

s 

j 

i 

1 

1 

J 

§1 

1 

1 

Big 

1 

S 

1084 

1 
18  8T. 

Nov.    1  Nov.    2 

Very  slight. 

Slight. 

0.7 

4.85 

1.26 

8.10 

.0004 

.0210 

.« 

.0030 

- 

Odor,  vegeUble. The  sample  was  collected  from  the  brook  near  the  well  of  the  Ware  Water 

Works. 

Water  Supply  of  Wabeen. 
Description  of  WorJcs. — Population  in  1885,  4,032.  The  town 
is  supplied  by  several  small  aqueduct  companies  from  springs  in  the 
hills  about  the  town,  from  which  the  water  flows  by  gravity.  The 
Warren  Aqueduct  Company,  which  is  one  of  the  largest  companies, 
supplied  about  23  families  in  1887.  The  water  supplied  by  this  com- 
pany is  obtained  from  three  wells  on  the  side  of  a  hill  near  the  town. 
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Two  of  the  wells  are  long  and  narrow  and  about  14  feet  deep.  The 
third  is  about  2\  feet  in  diameter  and  20  feet  deep.  Water  is 
distributed  through  lead  pipes,  the  largest  main  being  about  2 
inches  in  diameter. 

Chemical  ExamincUion  of  Water  from  a  Faucet  in  Warren  supplied  from  the 
pipes  of  the  Warren  Aqueduct  Company. 

CFarts  per  100,000.] 


Datb  or 


§1 


Appbakanox. 


,1 


Kesiduk  ox 
Evaporation. 


|i 


IS 

lUJuDelO 

802  I  July  19 
fitfJAagaS 

IS'fi 

]«i;j«n.  11 

2222  Apr.  Ifl 


At. 


87. 

June  17 

Jnlyao 
Aag.  16 

ss. 

Jan.  18 
Apr.  17 


None. 
None. 
None. 

None. 
None. 


None. 
None. 
None. 

None. 
None. 


0.0 
0.0 
0.0 

0.0 
0.0 


0.0 


4.35 

4.57 
4.75 

8.e5 
8.20 


.0000 
.0000 
.0001 

.0000 
.0000 


0024 
0011 
.0002 

0005 
.0014 


.0030 
.0200 

.0400 
.0260 


.0002 
.0000 


.0000 


.0011 


The  aamplee  were  collected  from  a  fancet  In  a  bonae  near  the  aoaroe  of  enpply. 

Microscopical  Examination, 

April,  1888.    No  organiams. 


Water  Supply  of  Wateetown  and  Belmont. — Watertown 

Water  Supply  Company. 
Description  of  Works. — Population  in  1885,  of  Watertown, 
6,238 ;  of  Belmont,  1,639  ;  total,  7,877.  The  works  are  owned  by 
the  Watertown  Water  Supply  Company,  and  were  built  to  supply 
Watertown  in  1885  ;  they  were  extended  to  Belmont  in  1887.  The 
average  daily  consumption  in  both  towns  in  1888  was  about  210,000 
gallons.  TJie  source  of  supply  is  a  filter-gallery  on  the  left  bank  of 
Charles  River  above  the  town.  The  gallery  is  built  in  three 
sections.  The  first  section  is  190  feet  long  and  15  feet  wide,  and 
contains  about  12  to  15  feet  of  water.  The  second  section  is  a 
conduit  175  feet  long,  3  feet  wide  and  2  feet  high.  The  third 
section  is  at  right  angles  to  the  second  section,  and  is  102  feet  long 
and  8  feet  wide.  The  bottoms  of  all  the  sections  are  on  a  level. 
Pumps  force  the  water  to  an  iron  tank  40  feet  in  diameter  and  40 
feet  in  height.  The  tank  is  covered  by  a  roof,  but  light  and  air  are 
admitted.  Distributing  mains  are  of  wrought  iron  lined  with 
cement ;  service  pipes  are  of  enamelled  iron. 
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Chemical  Examination  of  Water  from  the  Filter- GcUlert/  of  the  Watertown  Water 

Supply  Company, 

[Parts  per  100,000.] 


DATS  OV 

AfPKAIUHCS. 

Rksiduk  oh 

EVAPOBATIOV. 

AUOHIA. 

1 

NiTBOOBir 
AS 

^ 

1 

f 

1 

1 

1 

§1 

i 

1 

i^ 

1 

I 

41 

18 

Jane  6 

87. 

Jane  7 

None. 

Veryilight. 

0.0 

7.47 

„ 

.0002 

.0018 

.58, 

1 

.0320 

« 

267 

July    5 

July    7 

None. 

None. 

0.0 

6.85 

_ 

- 

.0000 

.0034 

.67 

1 

.0190 

- 

515 

Aug.  10 

Aag.  11 

None. 

None. 

0.0 

7.00 

- 

- 

.0002 

.0041 

.70 

.0720 

- 

724 

Bept.  6 

Bept.  10 

Very  alight. 

Very  Blight. 

0.0 

7.60 

- 

- 

.0002 

.0029 

.67 

.0200 

- 

970 

Oct.  17 

Oct.  19 

None. 

Veryallgbt. 

0.0 

6.80 

- 

- 

.0028 

.0046 

.64 

.0260 

- 

1144 

Not.  10 

Nov.  11 

None. 

None. 

0.0 

7.10 

- 

- 

.0000 

.0026 

.67 

.0280 

- 

1367 

Dec.    8 

Deo.    9 

None. 

None. 

0.0 

6.90 

- 

- 

.0000 

.0042 

.701 

.0190 

- 

1761 

18 

Feb.    7 

88. 
Feb.    8 

None. 

Very  alight, 
white. 

0.0 

7.45 

- 

.0000 

.0028 

.74 

.0800 

.0001 

1982 

Mar.    7 

Mar.  10 

None. 

None. 

0.0 

6.65 

- 

.0000 

.0044 

.52' 

.0450 

.0000 

2201 

Apr.  10 

Apr.  13 

None. 

None. 

0.0 

7.00 

- 

- 

.0000 

.0052 

.62 

.1100 

.0000 

2398 

May    9 

May  11 

None. 

None. 

0.0 

7.25 

- 

.0000 

.0022 

.69'!. 0650 

.0000 

2600 

Jane  12 

Jane  15 

None. 

None. 

0.0 

7.50 

- 

- 

.0000 

.0020 

.68 

.0900 

.0000 

2756 

July    9 

July  12 

None. 

Blight. 

0.0 

7.45 

- 

- 

.0004 

.0032 

.63 

.0400 

.0000 

2902 

Aag.  9 

Aug.  10 

None. 

None. 

0.0 

6.76 

- 

- 

.0000 

.0046 

.67 

.0120 

.0001 

8367 

Oct.  12 

Oct.  15 

None. 

None. 

0.0 

7.55 

- 

- 

.0000 

.0050 

.53 

.0550 

.0000 

8522 

Nov.   9 

Nov.  12 

None. 

None. 

0.0 

7.40 

- 

- 

.0000 

.0062 

.60 

.0400 

.0000 

8676 

Deo.    8 

Dec.  10 

None. 

None. 

0.0 

7.25 

„ 

- 

.0000 

.0048 

.63 

.1100 

.0001 

8936 

18 

Jan.  25 

89. 

Jan.  26 

None. 

None. 

0.0 

6.60 

- 

. 

.0000 

.0018 

.67 

.0050 

.0000 

4005 

Feb.  10 

Feb.  12 

None. 

None. 

0.0 

6.45 

- 

- 

.0000 

.0030 

.72 

.0700 

.0000 

4150 

Feb.  25 

Feb.  28 

None. 

None. 

0.0 

6.45 

- 

- 

.0000 

.0030 

.68 

.0600 

.0000 

4294 

Mar.  13 

Mar.  14 

None. 

None. 

0.0 

6.40 

- 

- 

.0000 

.0028 

.59 

.0600 

.0000 

4582 

Apr.  25 

Apr.  26 

None. 

None. 

0.0 

6.50 

- 

- 

.0000 

.0014 

.59 

.0560 

.0000 

4648 

May  10 

May  13 

None. 

None. 

0.0 

6.80 

- 

- 

.0000 

.0042 

.60 

.0460 

.0000 

Av 

0.0 

6.98 

- 

- 

.0002 

.0035 

r" 

.0640 

.0000 

1 

Hardneaa  in  May,  1888,  8.5.    Odor,  none. The  aamplea  were  collected  from  the  filter-gallery  or 

from  a  fancet  at  the  pumping  atatlon  while  pamping. 
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Mieroscopieal  Examination. 


1S8S. 

1                          1SS9. 

May. 

June. 

Jnly. 

Aug. 

Oct. 

Not. 

Dea 

Jan. 

Feb. 

Feb. 

Mar. 

Apr.  j  May. 

1.  Bine-green  Algaa, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Alg»,          .        .       . 

0.0 

0.0 

0.0 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

8.  Fungi, 

0.0 

0.0 

0.0 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,     . 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Groups  and  principal  genera  of  organisms  observed:    S.  Pttlmellaoeie;  Zoospores.    8.  Bcblso- 
myeetes. 


Chemical  Examination  of  Walerfrovn  a  Tubular  Well  at  WcUertoum. 

[Parts  per  100,000.] 


Datb  of 

Rbsiddb  ok 

EVAPOKATIOH. 

AiciioinA. 

s 

KiTROOBN 
AS 

1 

1 

.1 

f 

i 
1 

1 

1 

1 

1 

< 

» 

1 

8iei 

18 

Sept.  13 

88. 
Sept.  14 

None. 

i 

None. 

0.0 

10.40 

- 

- 

.0042 

.0008 

.87 

.0180 

.0000 

Odor,  none. The  sample  was  collected  from  a  tubular  well  near  the  fllter-gallery  of  the  Water- 

town  Water  Supply  Company. 


Microscopical  Examination, 


No  organisms. 


Chemical  Examination  of  Water  from  the  Tank  of  the  Watertown  Water  Supply 

Company. 

[ParU  per  100,000.] 


Appbaraxcb. 


RlSIDUR  ON 
EVAPOKAnON. 


< 


971 
1388 


18 

Oct.  17 


Dec.   8 


87. 

Oct.  19 


Deo.   9 


None. 
None. 


None. 
None. 


0.0 
0.0 


7.60 
7.60 


.0004 
.0000 


.0082 
.0020 


.0850 
.0150 


Odor,  none.— » The  samples  were  collected  from  the  tank. 
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Chemical  Examination  of  Water  from  Charles  River  at  Watertown, 

[Parts  per  100,000.] 


Date  of 

Aftbaxaiiob. 

BaaionB  ov 
Evaporation. 

AmfOHXA. 

j 

NITBOOM 
AS 

» 

j 

|l 

1 

1 

1 

1 

i 

1 

1 

< 

1 

5^4 

» 

209 

18 

July    7 

87. 

July    7 

SUgfat. 

Con.,brown. 

0.00 

6.75 

2.00 

4.78 

.0006 

.0307 

.60 

.0030 

- 

403 

Aug.  8 

Aug.  8 

SUght. 

811%  brown. 

0.60 

6.07 

1.80 

6.67 

.0055 

.0237 

.59 

.0350 

- 

710 

Sept.  8 

Sept.  8 

Distinct. 

Slight. 

0.60 

6.00 

1.15 

6.75 

.0009 

.0291 

.62 

.0180 

- 

012 

Oct.  10 

Oct.  10 

Slight. 

Sli't.  earthy 
and  floc't. 

0.46 

7.16 

1.40 

6.75 

.0056 

.0249 

.75 

.0260 

- 

1118 

Nov.   8 

Nov.  0 

DlBtlnot. 

Sli't,  white. 

0.80 

7.80 

2.00 

6.80 

.0305 

.0255 

.83 

.0400 

- 

1504 

18 

Jan.    0 

88. 

Jan.  10 

DiaUnet. 

SUght. 

0.00 

5.70 

2.00 

8.70 

.0038 

.0208 

.38 

.0300 

.0000 

1764 

Feb.    7 

Feb.    8 

1  Blight. 

Con., earthy 
and  floc't. 

0.50 

7.10 

2.00 

5.10 

.0031 

.0286 

.48 

.0300 

.0000 

1081 

Mar.   9 

Mar.  10 

Blight. 

Con.,  earthy 
and  floc't. 

0.70 

5.75 

2.15 

3.60 

.0046 

.0320 

.46    .0230 
.34    .0100 

.0003 

2182 

Apr.  10 

Apr.  11 

Distinct. 

SU't.brown. 

1.00 

4.05 

1.60 

2.56 

.0000 

.0302 

.0004 

2376 

May    8 

Mhy    0 

Distinct. 

Con.,  dark 
brown. 

0.80 

6.25 

2.20 

4.0B 

.0040 

.0322 
.0258 

.53' 

.0400 

.0004 

2712 

Jnly    5 

July    6 

SUghl. 

Slight. 

0.40 

8.25 

2.10 

4.16 

.0092 

.0248 
.0214 

.60 

.0550 

.0017 

2001 

Aug.  0 

Aug.  10 

Dlatinot. 

SUght. 

0.40 

7.95 

1.95 

8.00 

.0046 

.0402 
.0812 

.83 

.0160 

.0017 

8166 

Sept.  13 

Sept.  14 

SUght. 

Con.,brown. 

0.70 

6.85 

2.86 

4.60 

.O0S2 

.0420 
.0274 

.62 

.0400 

.0006 

8860 

Oct.  12 

Oct.  13 

Slight. 

Oonsld'ble. 

1.70 

8.40 

2.60 

8.90 

.0036 

.0880 
.0846 

.43 

.0250 

.0008 

8516 

Nov.   0 

Nov.  10 

Slight. 

SU*t,Mtrthy 
and  floc't. 

1.10 

6.20 

2.86 

8.86 

.0048 

.0326 
.0280 

.56 

.0250 

.0007 

8662 
8035 

Dee.    6 

18 

Jan.  25 

Dec.    7 

89, 

Jan.  26 

Slight. 
Slight. 

Slight. 
VeryaUght. 

0.50 
0.45 

4.20 
4.05 

1.86 
1.16 

2.86 
2.90 

.0000 
.0000 

.0204 
.0164 

.0184 
.0160 

.42 
.89 

.0300 
.0120 

.0004 
.0008 

8006 

Feb.    8 

Feb.    9 

Distinct. 

SUght. 

0.45 

4.65 

1.10 

8.46 

.0002 

.0184 
.0146 

.43 

.0150 

.0004 

4105 

]^eb.  23 

Feb.  25 

Distinct. 

SUghU 

0.50 

4.46 

1.20 

8.26 

.0004 

.0216 
.0188 

.40 

.0200 

.0004 

4250 

Mar.    8 

Mar.   0 

Slight. 

Conaid'ble. 

0.80 

4.80 

1.46 

8.85 

.0000 

.0208 
.0172 

.41 

.0180 

.0008 

4505 

Apr.  12 

Apr.  13 

Distinct. 

Consid'ble. 

0.60 

4.76 

1.70 

8.05 

.0000 

.0806 
.0262 

.43 

.0160 

.0008 

4687 

May  10 

May  11 

Distinct. 

Con.,brown. 

1.00 

6.10 

2.60 

8.60 

.0076 

.0430 
.0354 

.49 

.0350 

.0004 

Av, 

0.68 

6.44 

1.77 

4.67 

.0042 

.0290 

.58 

.0252 

.0005 

! 

Hardness  in  May, 
collected  from  the  canal 


1888,  2.8.    Odor,  faintly  vegetable,  frequently  mouldy. The  samples  were 

at  the  MXxA  Mills,  Watertown. 
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Microscopical  ExamiruUion. 


18M.                          1 

1SS9. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

D«. 

Jan. 

Feb. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-gre^n  Algae,   .... 

0.2 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  OtherAlgw. 

2.1 

1.1 

0.8 

0.7 

0.4 

0.2 

pr. 

0.1 

0.2 

1.9 

5.6 

0.6 

3.Fini«l 

2.6 

6.0 

6.0 

0.0 

0.0 

0.0 

0.0 

0.6 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,       .... 

1.1 

pr. 

0.7 

0.1 

0.1 

pr. 

0.0 

0.0 

0.1 

0.6 

0.8 

0.8 

Oroapa  and  principal  genera  of  organisms  observed :  1.  Oyanophyeen.  2.  PalmellaceoB,  GhlorO' 
eocau;  Zoosporee;  Desmidlaoeae ;  Diatomacefle,  5^tfdra,  Tabeliaria;  Zygnemaoeie.  3.  Bchlzomycetes, 
OrtnothrLc,    4.  Protozoa ;  Sponglaria. 


Water  Supply  of  Wayland. 
Description  of  Works. — Population  of  the  town  of  Wayland  in 
1885,  1,946.  Water  is  supplied  only  to  Cochituate  village,  which 
is  the  principal  village  in  the  town.  The  works  were  built  in  1878. 
Water  is  supplied  to  about  1,200  people.  The  source  of  supply  is 
a  small  filter-gallery  built  close  to  the  shore  of  a  small  storage 
reservoir  on  Snake  Brook,  a  tributary  of  Lake  Cochituate,  which  is 
one  of  the  sources  of  the  water  supply  of  Boston.  The  gallery  is 
400  feet  long,  12  inches  wide  and  18  inches  high,  with  two  branches, 
each  80  feet  long,  extending  beneath  the  reservoir.  The  gallery  is 
covered  with  from  4  to  10  feet  of  gravel.  The  reservoir  covers  an 
area  of  about  13  acres  and  its  capacity  is  about  16,000,000  gallons. 
Water  is  distributed  by  gravity.  Distributing  mains  are  of  cast 
iron ;  service  pipes  are  of  wrought  iron,  tarred.  In  case  of  fire  the 
filter-gallery  is  shut  off  and  water,  taken  directly  from  the  reservoir, 
is  pumped  by  water-power  to  increase  the  pressure.  This  supply 
pves  trouble  in  the  summer  from  the  growth  of  Qrenothrix  in  the 
pipes,  and  will  be  further  discussed  in  a  subsequent  portion  of  this 
report. 
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[Dec. 


Chemical  Examinaiion  of  Water  from  the  FiUer-Gallery  of  the  Wat/land 

WaUr  Works. 

[Parts  per  100,000.] 


Datb  of 

Appxabancb. 

Rbsiduk  oir 

EVAPOKATIOSr. 

AmoNiA.  ' 

1 

i 

NiTBOon 

AS 

1 

a 

j 

.1 

1 

«i 

u 

i 

ii 

1 

1 

< 

1 

i 

25 

18 

May  31 

87. 

June   2 

Decided, 
milky. 

Slight,  dark 
brown. 

0.50 

4.78 

- 

- 

.0222 

.0132 

" 

- 

- 

259 

Jaly    6 

July    7 

Decided. 

Slight,  dark 
brown. 

1.80 

5.62 

- 

- 

.0280 

.0367 

.82 

.0070 

- 

484 

Aug.  5 

Aug.  6 

DIftlnct. 

Slight. 

1.20 

4.85 

- 

- 

.002i 

.0308 

.22 

.0070 

- 

679 

Sept.  2 

Sept.  3 

Decided. 

Slight. 

0.40 

4.87 

- 

- 

.0210 

.0202 

.25 

.0070 

- 

921 

Oct.  10 

Oct.  11 

Decided. 

Consld'ble. 

0.60 

4.60 

- 

- 

.0225 

.0201 

.22 

.0130 

- 

1189 

Nov.  9 

Nov.  10 

Dlatinct. 

Slight. 

0.40 

4.66 

- 

- 

.0021 

.0195  ' 

.27 

.0150 

- 

1553 

18 

Jan.    0 

88. 

Jan.    7 

Decided. 

Con.,  dark 
brown. 

1.00 

6.35 

- 

- 

.0091 

1 
.0260 

.39 

.0500 

.0000 

1878 

Feb.  19 

Feb.  23 

Distinct. 

Slight. 

0.50 

5.20 

- 

- 

.0203 

.0193 

.35 

.0350 

.0001 

1992 

Mar.  11 

Mar.  12 

DUtinct. 

Veryslight, 

0.40 

5.60 

- 

.0130 

.0147 ' 

.42 

.0800 

.0002 

2157 

Apr.   3 

Apr.   4 

Slight. 

Verysllght. 

0.35 

8.75 

- 

- 

.0072 

.0122 

.34 

.0800 

.0001 

2360 

May    4 

May    5 

Distinct. 

Con.,ruBty. 

0.30 

4.65 

- 

- 

.0190 

.0122 

.86 

.0250 

.0008 

2614 

June  15 

June  16 

Distinct. 

Slight. 

0.70 

4.65 

- 

- 

.0156 

.0206 
.0180 

.25 

.0180 

.0001 

2797 

July  18 

July  19 

Distinct. 

Slight. 

0.50 

4.55 

- 

- 

.0206 

.0248 
.0214 

.24 

.0100 

.0004 

2962 

Aug.  16 

Aug.  17 

Decided. 

Heavy. 

0.25 

4.46 

- 

- 

.0244 

.0202 
.0158 

.24 

l.oosc 

1 

.0001 

8265 

Sept.  24 

Sept.  27 

Distinct. 

Sli't,  rusty. 

0.35 

4.95 

- 

- 

.0166 

.0226 
.0188 

.30 

.0300 

.0002 

8423 

Oct.  23 

Oct.  23 

Distinct. 

Sli't,  green. 

0.70 

5.05 

- 

- 

.0216 

.0158 
.0146 

.37 

.0250 

1 

.0003 

8568 

Nov.  16 

Nov.  17 

Dedded. 

Con.,  green. 

0.30 

4.50 

- 

- 

.0200 

.0174 
.0188 

.35 

.0250 

.0007 

8723 

8881 

Dec.  14 

18 

Jan.  19 

Dec.  15 

80. 

Jan.  21 

Verysllght. 
Veryslight. 

Slight. 
Veryslight. 

0.05 
0.10 

5.70 
4.75 

- 

- 

.0022 
.0016 

.0070 
.0070 

.0004 
.0072 

.68 
.49 

.09o0 
.0850 

.0002 
.0000 

4279 

Mar.   9 

Mar.  12 

Verysllght. 

Con.,earthy 
and  floc't. 

0.10 

4.50 

- 

- 

.0012 

.0102 
.0064 

.38 

.0500 

.0001 

4629 

May    8 

May    9 

Slight. 

Slight. 

0.60 

1  4.46 

- 

- 

.0026 

.0158 
.0142 

.33 

.0850 '.0002 

Av. 

0.50 

4.96 

- 

- 

.0140 

.0186 

.33 

.0325 '.0002 

1                    1 

1 

1 

Hardness  in  May, 
leoted  from  a  faucet  at 
gallery. 


1888,  2.0.    Odor,  faintly  vegetable,  occasionally  none. The  eamples  were  col- 

the  gate-house  or  from  a  faucet  In  a  house  on  the  main  pipe  very  near  the  filter- 
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Mieroseopieal  Examination. 


1889. 

1880. 

Jane 

July. 

Ang. 

Sept 

Oct 

Nov. 

Dec. 

Jan. 

Mar. 

May. 

1.  Bhie^een  AIg», 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.0therAJg» 

0.1 

0.3 

0.2 

pr. 

pr. 

0.0 

pr. 

0.1 

2.5 

0.8 

3.Fiuigi 

46.0 

35.0 

1500.0 

25.0 

50.0 

1400.0 

8.0 

pr. 

0.0 

0.0 

4.  Animal  Forms, 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.0 

4.2 

Groups  and  principal  genera  of  organisms  observed:  1.  Cyanophycen.  2.  Palmellacen;  Zoo- 
tporeas;  Dlatomacesa,  AtUrUmelta.  3.  Schlzomyoetes,  Oretiothrix.  4.  Protozoa,  JHnobyron;  Snto- 
ffloftrsca. 


Chemical  Examination  of  Water  from  the    Storage  Reservoir  of  the  Wayland 

Water  Works, 

[Parta  per  100,000.] 


Datb  or 


ArPBAHAXCR. 


KasiocB  ON 

EVAPORATIOK. 


I'- 


AmcoiQA. 


11 


NITBOGSV 
AS 


483 

1133 

1554 
1870 
1091 
2155 
2350 
2813 

2796 

2963 

8264 

M22 

3564 


July  5 
Aug.  5 

Oct.  10 

Nov.    9 

18 

Jan.    6 

Feb.  19 
Mar,  11 
Apr.  3 
May  4 
June  15 

July  18 

Aug.  16 

Sept.  24 

Oct.  22 

Nov.  16 


18  87. 

July 


Ang. 


»724 .  Doc.  14 


Oct.  11 

Nov.  10 

88. 
Jan.    7 

Feb.  23 

Mar.  12 

Apr.    4 

May    6 

Juno  16 

July  19 

Aug.  17 

Sept.  27 

Oct.  23 

Nov.  17 

Dec.  15 


Blight. 
BHgbt. 

Decided. 
Distinct. 

Distinct. 

Slight. 

Slight. 

Very  slight. 

Slight. 

Slight. 

Very  slight. 

Distinct. 

Slight. 

Blight. 

Very  slight. 

Very  slight. 


Bli%brown. 

Very  slight, 
brown . 

Very  slight, 

Consid'ble. 

SUght. 

Very  slight. 

None. 

Verysllght. 

SUght. 

Slight. 

Verysllght, 
white. 

Verysllght, 
white. 

Slight. 
Slight. 
SUght. 
Slight. 


1.10 
1.00 

0.47 
0.35 

1.40 
0.30 
0.20 
0.70 
1.00 
1.50 

0.90 

0.40 

1.30 

1.50 

1.30 

0.50 


5.02 
4.05 

4.85 
4.75 

6.95 
4.45 
3.76 
8.10 
8.65 

4.10 

4.46 

8.88 

4.95 

5.10 

4.50 

3.65 


2.15 
1.65 

1.15 
1.30 

2.95 
1.85 
0.85 
1.45 
1.45 

1.85 

1.80 

1.40 

2.50 

2.55 

2.00 

1.46 


2.87 
8.80 

3.20 
3.45 

8.00 
8.10 
2.00 
1.65 
2.20 

2.25 

2.68 

2.46 

2.46 

2.55 

2.50 

2.20 


.0006 

,0004 
.0036 

,0059 
.0046 
,0006 
,0002 
.0004 
,0004 

.0004 

.0016 

.0070 

.0032 

.0038 

.0002 


.0439 
0809 

0351 
0315 

0600 

.0155 

0154 

0235 

0262 

0366 
0272 

0396 
.0364 

0284 
0244 

03a 
0386 

0368 
.0302 

.0348 
0264 

0136 
0128 


.0000 
.0000 

.0070 
,0100 

0250 
0350 
,0200 
,0080 
.0300 
.0050 

.0050 

.0080 

.0050 

.0100 

.0100 

.0070 


.0000 
0000 
0000 
0000 

.0002 
0001 

0001 

.0000 

.0003 

.0001 

.0004 

.0008 
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Chemical  ExamincUion  of  Waler  from  the  Storage  Reservoir  of  the  Wayland 
Water  Works — Concluded. 


Date  of 

1                Apfbaranck. 

Rbsidub  ok 
Evaporation. 

AmcoMiA. 

i 

{  NITBOOKX 
A8 

1 

a 

I 

1^ 

Turbidity. 

i 

1 
1     ■ 

1 

I 

si 

1 

i 

it 

1     SB 

1 

J5 

3882 

IS  80. 

Jan.  19  Jan.  21 

1 

Blight. 

Verysllght. 

0.50 

S.46 

1.50 

1.95 

.0014 

.0172 
.0164 

.22 

.0200'  0001 

4280 

Mor.    9   Mar.  12 

Slight. 

1 

Slight. 

0.50 

8.00 

1.20 

1.80 

.0014 

.0196 
.0138 

.17 

.0080 

.0001 

4511 

Apr.  14 

Apr.  15 

Very  Blight. 

Slight. 

0.75 

3.20 

1.40 

1.80 

.0018 

.0236 
.0186 

.20 

.0030 

.0000 

4eso 

May    8 

May    9 

Slight. 

1 

Sirt,  light 
colored. 

o.go 

3.55 

i.« 

2.10 

.0012 

.0216 
.0196  I 

.23 
.23 

.0050 

.0002 

Av. 

i 

0.83  ! 

4.44   i.M 

2.85 

.0020 

.0298 j 

.0108 

0001 



' 

HardneBS  in  May,  1888,  1.6.    Odor,  faintly  vegetable. The  aamplea  were  collected  from  the 

reservoir  at  the  surface,  with  the  exception  of  No.  258,  which  was  collected  6  feet  beneath  the  surface. 


Microscopical  Examination. 


18S8. 

1880. 

June. 

July.  Aug. 

Sept. 

Oct. 

Not. 

Dec. 

Jan. 

Mar. 

Apr. 

May. 

1.  Blue.green  Algn 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  AlgSB 

0.1 

0.6 

0.2 

0.1 

0.2 

0.2 

1.1 

0.4 

pr. 

0.1 

8.6 

3.  Fungi 

0.0 

0.2 

0.0 

0.0 

0.0 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms 

0.5 

0.7 

1.2 

pr. 

pr. 

0.0 

0.0 

0.0 

pr. 

pr. 

15.6 

Groups  and  principal  genera  of  organisms  observed :  1.  Cyanophycen.  2.  Palmellacess,  ChlorO' 
coccu«  ; .  ZoosporeaB ;  I>esmldiace» ;  Viatomaiceao,  Aaterionellaf  Syrtedrot  Tabellaria,  S.  Bchlzomyeetes. 
4.  Protozoa,  Dinobryon;  Botlfera;  Entomostraca. 


Water  Supply  of  Webster.  —  Slater  Manufactitring 

Company. 
Description  of  Works.  — Population  in  1885,  6,220.  The  works 
are  owned  by  the  Slater  Manufacturing  Company,  and  were  built  in 
1881.  The  average  daily  consumption  in  1888  was  about  200,000 
gallons.  The  source  of  supply  is  Lake  Chaubunagungamaug  in 
Webster.  The  area  of  the  lake  is  1,250  acres,  as  estimated  from  the 
new  topographical  map  of  Massachusetts.  It  is  very  irregular  in 
outline  and  contains  several  small  islands.     The  bottom  of  the  lake 
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is  stony  and  gravelly,  and,  in  some  places,  muddy.  A  dam  at  the 
oatlet  raises  the  fonner  natural  surface  of  the  lake  about  two  feet, 
and  in  some  places  the  depth  of  water  is  slight,  but  there  is  very 
little  vegetable  growth.  The  watershed  of  9.73  square  miles, 
including  the  area  of  the  lake,  as. estimated  from  the  new  topo- 
graphical map  of  Massachusetts,  consists  of  farming  and  woodland, 
and  contains  a  very  small  population.  The  soil  is  generally  gravelly 
and  rocky,  but  there  are  also  a  few  small  areas  of  swamp  and  meadow 
land,  principally  near  the  south-western  shore  of  the  lake.  Pumps 
force  the  water  to  an  open  distributing  reservoir  and  to  the  town. 
The  reservoir  is  300  feet  long,  75  feet  wide  and  10  feet  deep.  The 
bottom  is  of  rock,  and  the  slopes  are  paved.  Distributing  mains  are 
of  cast  iron.     Service  pipes  are  of  galvanized  iron. 


Chemical  Examination  of  Water  from  Lake  Chaubunagungamaug. 

[Parts  per  100«000.] 


Datb  or 

Afpkabahcb. 

Rrsidcr  oh 

EVAPOBATIOX. 

AMxoiriA. 

1 ; 

NITROGKN 
AS 

i 

1 

al 

r 

1 

*i 

1 

t 

il 

1 

i 

i 

i^ 

^ 

215 

Jane  28  ^  Jane  29 

SIi%mllky. 

None. 

0.15 

2.27 

0.77 

1.50 

.0004 

.0139 

.18    .0000 
.17  [.0040 

. 

432 

Jal7  28 

July  29 

Veryellght.j  Very  alight. 

0.10 

2.30 

0.45 

1.85 

.0000 

.0094 

- 

616 

Aug.  30 

Aag.81 

Verysllgbt.  None. 

0.00 

2.25 

0.70 

1.55 

.0001 

.0161 

.16 

.0030 

- 

641 

Sept.  22 

Sept.  28 

Very  slight. 

Veryslight. 

0.00 

2.55 

0.90 

1.65 

.0000 

.0158 

.u\ 

.0030 

- 

1060 

Oct.  28 

Oct.  29 

Very  slight. 

Veryslight, 
white. 

0.00 

2.05 

0.50 

1.55 

.0000 

.0146 

.16 

.0030 

- 

1282 

Nov.  30 

Dec.    1 

Veryslight. 

VerysUght. 

0.00 

2.80 

0.85 

1.45 

.0000 

1 

.0133 

.19 

.0060 

- 

1496 

Dec.  28 

Deo.  29 

VerysUght. 

0.10 

2.20 

0.50 

1.70 

.0000 

.0126 

.22; 

.0070 

- 

1703 

18 

Jan.  8U 

88. 

Jon.  31 

SHght. 

0.10 

2.85 

0.90 

1.45 

.0000 

.0117 

.141 

.0050 

.0001 

1944 

Mar.   2 

Mar.    6 

Slight. 

VerysUght. 

0.10 

2.10 

0.55 

1.55 

.0003 

.0113 

•"! 

.0090 

.0000 

2115 

Mar.  27 

Mar.  28 

Slight. 

None. 

0.00 

2.10 

0.60 

1.60 

.0000 

.0126 1 

.16 

.0050 

.0001 

2325 

Apr.  27 

Apr.  30 

Slight. 

SUght. 

0.05 

1.80 

0.70 

1.10 

.0014 

.0116 

1 

.15 

.0030 

.0000 

2S21 

May  28 

May  29 

Slight. 

Slight. 

0.10 

1.90 

0.65 

1.25 

.0000 

.0118 

.14 
.17 

.0080 

.0000 

At 

0.06 

1 

S.18 

0.66 

1.52 

.0002 

.0129 

.0043 

1 

Hardness  in  May,  1888, 0.8.    Odor,  faintly  vegetable. The  samples  were  ooUected  from  a  faucet 

at  the  pumping  station  while  pumping. 
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Microscopical  Fxamination, 


ISSS. 


March. 


ApriL 


May. 


1.  Blue-green  Alg», 

2.  Other  Algee, 

3.  Fungi, 

4.  Animal  Forms,  . 


0.0 
pr. 
0.0 
0.0 


0.0 
pr. 
0.0 
0.0 


0.0 
pr. 
0.0 
0.0 


OrbupB  and  principal  genera  of  organisms  observed :    2.  Zoosporea;  Deamfdiaceip;  Diatomaoea. 


Table  shoiving  Record  of  Heights  of  Water  in  Lake  Chaubunagungamaug  at  Times 
when  Samples  of  Water  were  collected  for  Analysis. 

NoTB.— Heights  are  in  feet  above  or  below  high-water  mark.    The  sign  «  +  '*  indicates  above  high 
w^r.    The  sign  "  —  '*  indicates  below  high  water. 


DATE. 

Height  of 
Water. 

DATE. 

Height  of 
Water. 

1887. 

June  28 

July  28, 

August  30, 

September  22, 

October  28, 

November  30 

December  28, 

+0.06 
+0.10 
0.00 
'  ^0.50 
-1.34 
—1.77 
—1.51 

1888. 

January  30, 

February  28 

March2, 

March  27, 

April  27, 

May28 

—1.58 
—1.21 

—1.17 

r— 0.83 

+0.04 

+0.20 

Chemical  Examination  of  Water  from  the  Distributing  Reservoir^  Webster. 

[Parts  per  100,000.] 


Datk  of 


P 


Appkasaxcb. 


Rbsidub  ok 
£va.i*obatioh. 


AxMomA. 


NiTKOOBH 
AS 


214 
1070 


1887. 

June  28  I  June  29 

Oct.  28    Oct.  29 


SllH,  milky. 
I  Very  slight 


None. 
Very  slight. 


2.45 
2.15 


0.75 
0.50 


1.70 
1.65 


0013 
.0004 


.0158 
.0124 


.0000 
.0010 


Odor,  very  faint  or  none. The  samples  were  collected  from  the  reservoir. 
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Water  Supply  of  WELLESLEr. 
Description  of  Works.  —  Population  in  1885,  3,013.  The  works 
are  owned  by  the  town.  Water  was  introduced  in  December,  1884. 
The  average  daily  consumption  in  1888  was  138,000  gallons.  The 
source  of  supply  is  a  filter-gallery  on  the  left  bank  of  Rosemary 
Brook,  and  about  400  feet  from  Charles  River,  supplemented  by 
water  drawn  from  Williams'  Spring.  The  filter-gallery  is  63  feet  in 
length,  12  feet  wide  at  the  top  of  the  side  walls,  and  11  feet 
wide  at  the  bottom.  The  walls  are  of  rough  stone  laid  dry  to 
a  height  of  13  feet  from  the  bottom,  and  surmounted  by  a  brick 
arch  12  inches  in  thickness,  making  the  total  inside  height  17  feet 
10  inches.  Two  manholes  give  access  to  the  gallery.  A  direct 
connection  is  also  built  between  Rosemary  Brook  and  the  gallery. 
In  1886  a  well  20  feet  deep  and  22  feet  in  diameter  was  built 
at  •'Williams'  Spring,"  about  1,000  feet  from  the  filter-gal- 
lery  and  connected  with  the  pump  well  at  the  pumping  station 
by  a  siphon.  Pumps  force  the  water  from  the  pump  well  to  an 
open  distributing  reservoir,  which  is  133.5  feet  square  at  the  top, 
73.5  feet  square  at  the  bottom,  and  16  feet  deep  at  high  water.  The 
capacity  of  the  reservoir  is  about  1,150,000  gallons.  The  bottom  is 
covered  with  a  layer  of  concrete  six  inches  in  thickness,  and  the 
slopes  are  paved  with  stone.  Beneath  the  stone  paving  a  layer  of 
concrete  10  inches  in  thickness  extends  up  the  slope  to  a  level  four 
and  one-half  feet  below  high-water  mark, 
cast  iron.  Service  pipes  are  of  wrought  iron  coated  with  tar 
new  service  pipes  wrought  iron  lined  with  cement  is  used. 


Distributing  mains  are  of 
For 


Chemical  Examination  of  Water  from  the  FiUer-Gallery  of  the  Wellesley  Water 

Works, 

[Parts  per  100,000.] 


Date  of 

Appkasakck. 

Rbsidur  ok 
Evaporation. 

Ammonia. 

J 

NiTROOEir 
AS 

*A 

i 

il 

1 

^ 

h 

^ 

si 

1 

1 

|5 

§ 

9a 

81 
900 

537 

780 

18 

June  11 

July  11 
Aug.  13 
Sept.  16 

June  11 
July  11 
Ang.  13 
Sept.  16 

None. 
None. 
None. 

1 

None. 
31i*t.earthy. 
None. 
Con.,e'rthy. 

0.00 
0.00 
0.00 
0.05 

7.45 
8.60 
7.80 
8.90 

~ 

- 

.0006 
.0002 
.0000 
.0001 

.0016 
.0008 
.0006 
.0038 

.68 
.60 
.54 
.70 

.1300 
.0010 
.0850 
.1060 

" 
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Chemicdl  Examinaiion  of  Water  from  the  Filter-Gallery  of  the  Wellesley  Water 

Works  —  Concluded. 


Date  of 

Appbarjlkcs. 

Bksiddk  ok 

EVAPORATIOir. 

Ammonia. 

ij 

NiTROOSM 
A8 

i 

1 

i 

i 

i 

§1 

1 

i 

^ 

a 

a 

5 

1 

i 

1 

1 

P 

1 

1 

1^ 

s 

2 

Sq 

058 

Oct.  14 

87. 
Oct.  16 

None. 

None. 

0.00 

-7.16 

„ 

^ 

.0000 

.0024 

.49 

.0390 

_ 

1174 

Nov.  14 

Nov.  14 

None. 

None. 

0.00 

7.16 

- 

- 

.0004 

.0016 

.43 

.0760 

- 

1446 

Dec.  20 

Dec.  20 

None. 

None. 

0.00 

6.66 

- 

- 

.0000 

.0006 

.49 

.0700 

- 

1603 

18 

Jan.  17 

88. 
Jan.  17 

None. 

None. 

0.00 

6.86 

_ 

_ 

.0000 

.0010 

.48 

.1000 

.0001 

1797 

Feb.  11 

Feb.  11 

None. 

Non& 

0.00 

6.66 

- 

- 

.0000 

.0023 

.43 

.0900 

.0000 

2126 

Mar.  31 

Mar.  31 

None. 

None. 

0.00 

6.70 

- 

- 

.0000 

.0030 

.38 

.0660 

.0000 

2266 

Apr.  20 

Apr.  20 

Very  alight. 

Very  alight. 

0.00 

6.46 

- 

- 

.0000 

.0018 

.40 

.0800 

.0001 

2892 

May  10 

May  10 

None. 

None. 

0.00 

6.60 

- 

- 

.0000 

.0010 

.40 

.0700 

.0000 

2633 

June  20 

Jane  20 

None. 

None. 

0.00 

6.46 

- 

- 

.0000 

.0022 

.45 

.0400 

.0000 

2726 

July    6 

July    6 

None. 

None. 

0.00 

6.96 

- 

- 

.0000 

.0028 

.49 

1 

.0350 

.0000 

3020 

Aug.  23 

Aug.  23 

None. 

None. 

0.00 

6.26 

- 

- 

.0000 

.0048 

.61 

.0220  .0000 

8190 

Sept.  18 

Sept.  19 

None. 

None. 

0.00 

6.80 

- 

- 

.0000 

.0040 

.65 

.0400 

.0000 

3363 

Oct.  11 

Oct.  11 

Npne. 

None. 

0.00 

8.10 

- 

- 

.0008 

.0028 

.44 

.1000 

.0000 

3627 

Nov.  12 

Nov.  13 

Very  slight. 

Sli't.  earthy 
and  floc'l. 

0.00 

6.86 

- 

- 

.0000 

.0016 

.39 

.0660 

.0000 

3674 

Dec.    8 

Dec.    8 

None. 

None.      , 

0.00 

6.36 

- 

- 

.0000 

.0008 

.34 

.0600 

.0000 

3825 

18 

Jan.    7 

89. 

Jan.    8 

None. 

None. 

0.00 

6.20 

. 

„ 

.0000 

.0018 

.37 

.0600 

.0000 

4023 

Feb.  15 

Feb.  16 

None. 

None. 

0.00 

6.96 

- 

- 

.0000 

.0020 

.36 

.0600 

.0000 

4346 

Mar.  20 

Mar.  20 

None. 

None. 

0.00 

6.86 

- 

- 

.0000 

.0018 

.39 

.0600 

4614 

Apr.  16 
May  20 

Apr.  16 
May  20 

None. 
None. 

None. 
None. 

0.00 
0.00 

6.90 
6.66 



- 

.0000 
.0026 

.0014 
.0034 

.83 
.60 

.46 

.0060 

.0000 

4605 

.0500 

.0000 

Av. 

0.00 

6.72 

- 

.0002 

.0021 

.0723 

.0000 

Hardness  in  May,  1888,  3.2      Odor,  none. The  samples  were  collected  from 

with  the  exception  of  Nos.  81,  800,  637  and  780,  which  were  collected  from  a  faucet  at 
tion  while  pumping. 

Microscopical  Examination, 


the  filtor-galleiy, 
the  pumping  sta. 


1888. 

1889. 

Jane.  July. 

AuK. 

Sept. 

Get. 

Nov. 

Dec. 

i'"- 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue- green  Algee,  .... 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algn 

pr. 

0.0 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

8.  Fungi 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1  0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,      .... 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Groups  and  principal  genera  of  organisms  observed :    2.  Zoospores;  Dlatomaoe«». 

Digitized  by  LjOOQIC 


>8i 


1889.] 


WATER  SUPPLY  AND  SEWERAGE. 


345 


Chemieal  Examination  of  WaLerfrom  the  Distributing  Reservoir  of  the  Wellealey 

Water  Works 

[Parts  per  100,000.] 


Batb  of 


a 


It 


Appbabahck. 


RiaiDDB  OH 
EVAPOHATIOV. 


31 


AjocoinA. 


1^ 


2W 
950 
1175 
14U 

1602 
17W 

zm 

2257 
2383 

2727 

290S 

3200 

3354 

8528 

3eT5 


18  87 


July  11 
Oct.  14 
Not.  U 
Dec  20 


July  11 
Oct.  15 
Nov.  14 
Dec.  aO 


Jan.  17 
Feb.  11 


l£ar.  81 


18  88. 


Jan.  17 
Feb.  11 


Mar.  81 


Apr.  20  '  Apr.  20 


May  10 

July  6 
Ang.lO 
Sept.  18 
Oct.  11 
Nov.  12 
Dee.    8 


18 
8826   Jan.    7 


4024 
4346 
4513 


Av. 


Feb.  15 
Mar.  20 
Apr.  16 
May  20 


May  10 

July  6 
Aug.  10 
Sept.  19 
Oct.  11 
Nov.  13 

Dec    8 

89. 

Jan.    8 

Feb.  16 
Mar.  20 
Apr.  16 
May  20 


Very  alight. 
Slight. 
Very  slight. 
None. 

Slight. 
Very  slight. 

SUght. 
Slight. 
Slight. 

Very  alight. 

Very  slight. 

Very  slight. 

Very  alight. 

Very  alight. 

None. 

Very  slight. 
Very  slight 

Very  alight. 

Slight. 

Very  slight. 


None. 
None. 
Very  slight. 
None. 

Very  slight. 

Con.,eart'y 
and  floc't. 

Very  slight. 

Verysligfat 

None. 

Very  alight. 

Very  slight. 

Very  slight, 
white. 

Very  slight. 

Slight. 

SUght. 

None. 
Very  slight. 

Very  slight. 

SUght. 

Very  slight. 


0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.09 
0.10 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 


7.16 
7 

6.95 
7.28 

7.50 
7.70 

6.50 
7.05 
7.40 

r.es 

7.85 
7.46 

8.80 

8.80 

8.00 
8.20 

7.90 
7.00 

6.65 

6.75 

7.55 


0.00 


7.29 


.0018 
.0000 
.0000 
.0002 

.0004 
.0000 

.0000 
.0000 
.0012 

.0010 

.0006 

.0012 

.0024 

.0000 


,0002 

.0000 
.0000 


,0000 


.0194 
.0002 
.0044 
.0058 

0067 
.0057 

0074 
.0084 
.0114 

.0110 
0062 

.0082 


0126 
0100 

0076 
0068 

.0058 
0046 

,0090 
,0080 


.0090 
.0040 


,0076 
0046 


.57  .0460 
.66  .0910 

.58|!.1000 

.63  l.iaoo 


,0005 


.0070 
.0052 


.57 


.1800 
.1200 

.0900 
.1200 
.1500 

1100 

0730 

1100 

1650 

,2000 

.1750 


,0003 
.0008 

0005 
0007 
0009 

.0007 

.0006 

.0004 

.0008 

.0004 

.0002 


1600. 0003 
0004 


.1100 
.1000 
.0860 
.1100 


.1183 


.0008 
.0006 
.0002 

.0004 


HardneM  in  May,  1888, 3.2.  Odor,  generally 
eolleeted  from  the  reeervolr  at  the  surface.  The 
■ample  was  eoUected. 


none,  occasionally  disagreeable. —~  The  saraples  were 
reaervoir  was  drawn  off  and  cleaned  Jast  before  the  last 
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Microscopical  Ezamination, 

18SS. 

1880. 

July.Ang. 

Sept 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blae-green  Algn,     . 

, 

OtO 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Alga,      . 

. 

3.1 

1.1 

pr. 

0.1 

0.1 

0.0 

0.1 

0.0 

0.0 

0.0 

pr. 

8.  Fangi, 

.      .      .      . 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Fonns, 

•      -      •      • 

pr. 

0.2 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Gronpa  and  principal  eenera  of  or^niema  obaerved:    2.  PalmellaoosB;  Zooaporeas,  8cenedemnu4; 
DiatomaceflB,  Synedra,    4.  Protozoa;  Entomoatraca. 


Chemical  Examination  of  Water  from  Rosemary  Brook  at  WeUesUy, 

[Part*  per  100,000.] 


Datk  of 

Bkbioub  on 

EVAPORATIOV. 

1   AXMOXIA. 

t) 

'  NiTROOKK 

1           ^• 

1 

j 

A 

S 

«j 

1 

1 

§1 

1 

1 

|J 

'      S 

1 
1 

957 

IN 

Oct.   14 

87. 
Oct.  15 

DiaUnct. 

Sli»t,earthy, 
and  floc't. 

0.80 

5.40 

0.80 

4.00 

.0008 

.0176 

.64 

.0190 

- 

1173 

Nov.  14 

Nov.  14 

Very  alight. 

Very  alight. 

0.10 

5.35 

0.95 

4.40 

.0005 

.0131 

.65 

.0300 

- 

1446 

Deo.  20 

Dec.  20 

Slight. 

Veryelight 

0.80 

5.85 

1.25 

4.60 

.0018 

.0193 

.67 

.0280 

- 

1601 

18 

Jan.  17 

88. 
Jan.  17 

Slight. 

Very  Blight. 

0.20 

6.90 

1.20 

4.70 

.0020 

.0117 

.53 

.OftOO 

.0000 

1796 

Feb.  11 

Feb.  11 

Very  slight. 

Ver^j.|ght, 

0.80 

6.10 

2.00 

4.10 

.0061 

.0185 

.52 

.0450 

.0004 

2123 

Mar.  81 

Mar.  31 

Slight. 

Sli*t,brown. 

0.40 

8.80 

0.90 

2.90 

.0004 

.0244 

.37 

.0080 

.0000 

2265 

Apr.  20 

Apr.  20 

Slight. 

81i»t,brown. 

0.25 

4.75 

1.00 

8.75 

.0005 

.0161 

.48 

.0300 

.0002 

2801 

May  10 

May  10 

Slight. 

Slight. 

0.40 

5.60 

1.45 

4.15 

.0033 

.0264 

1 

.53 

.0250 

.0003 

2632 

Jnne20 

Jane  20 , 

Slight. 

Bll*t,brown. 

0.30 

5.85 

1.25 

4.10 

.0040 

.0102 ' 
.0158, 

.48 
.54 

.0180 

.0004 

Av. 

0.28 

5.84 

1.19 

4.15 

.0022  'Olftii  1 

'.0278 

1 

.0008 

1 

1 

Hardness  in  May,  1888,  2.2.    Odor,  senerally  none,  sometimes  vegetable. The  samples  were 

collected  from  the  brook  a  short  distance  n-om  ita  month  and  opposite  the  filtei^gallery  of  the  Wellealey 
Water  Works. 


Microscopical  Examination, 


1888. 


Mar. 


Apr. 


May. 


1.  Blue-green  Algn; 

2.  Other  Algaa,     . 
8.  Fnngl, 

4.  Animal  Forms, 


pr. 
pr. 
0.0 


pr. 


0.0 
pr. 
0.0 
pr. 


0.0 
pr. 
0.0 
0.0 


pr. 
0.5 
0.6 
0.0 


Groups  and  principal  genera  of  organisms  obser>'ed :     1.  Cyauophycen.    2.  Palmellacea»;  Zoo- 
spores; Diatomacesd.    3.  Schlzomycetes.    4.  Protozoa.  ^^ 
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ChemiccU  ExamincUion  of  Water , 

from 

Waban  Lake,  ] 

WelUsley, 

[Parte  per  100.000.] 

Datb  or 

Aptbarahcb. 

KESID17B  OH 
£VAI>OaATIOK. 

AXKONIA. 

1 

NiTBOOBK 
AS 

1 

1 

|l 

1 

1 

1 

^ 

1-^ 

i 

1 

1 

2^ 

S 

1 

4758 

18 

May  30 

SO. 

May  81 

1 

SUvht. 

Blight. 

0.8 

4.46 

1.25 

s.to 

.0028 

.0258 
.0168 

.88 

1 

.0060 

.0003 

Odor,  distinctly  yegetablQ  and  grasay. The  sampie  was  oollected  from  near  the  middle  of  the 

lake. 


Water  Supply  of  Westborough. 
Description  of  Works. — Population  in  1885,  4,880.  The  works 
are  owned  by  the  town.  Water  was  introduced  in  1879.  There 
were  550  service  pipe  connections  in  1889.  The  source  of  supply- 
is  Sandra  Pond,  an  artificial  storage  reservoir,  located  about  two 
miles  south  of  the  main  village,  in  Westborough,  In  1887  the  reser- 
voir was  separated  into  two  divisions  by  building  a  dam  across  it  at 
a  point  near  the  lower  end  where  the  opposite  shores  approached 
each  other.  The  surface  of  the  upper  basin  is  five  feet  higher  than 
the  surface  of  the  lower  one  at  high  water.  The  total  area  of  both 
basins  is  said  to  be  51  acres.  All  the  mud  and  vegetable  matter  was 
removed  from  the  bottom  of  the  lower  basin  at  the  time  the  dam  was 
built.  The  maximum  depth  of  this  basin  is  about  15  feet.  The 
upper  basin  is  quite  shallow,  its  general  depth  being  about  8  feet. 
A  considerable  portion  of  the  bottom  of  this  reservoir  was  cleaned 
by  removing  all  stumps,  brush  and  vegetable  matter.  About  20 
acres,  however,  remain  as  they  were  when  the  reservoir  was  filled 
for  the  first  time.  The  gate-house  at  the  lower  basin  was  completed 
Nov.  13,  1887,  and  water  was  then  drawn  from  it  for  the  supply  of 
the  town.  During  the  time  the  examinations  of  the  Westborough 
supply  printed  in  this  report  were  made,  the  overflow  and  waste  from 
the  upper  basin  entered  the  lower  one,  but  in  1889  the  waste  pipe 
from  the  upper  basin  was  carried  through  the  lower  one  and  now 
discharges  below  the  lower  dam.  The  water  in  the  upper  basin  is 
now  kept  sufficiently  low  to  store  the  water  of  storms  and  prevent 
overflow  into  the  lower  one ;  so  that  the  lower  basin  receives  water 
from  the  upper  one  only  by  filtration  through  the  gravel  ridges 
between  the  basins;  this  quantity  is  sufficient  at  present  for  the 
supply  of  the  town. 
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The  watershed  of  Sandra  Pond  is  generally  fanning  land  with 
considerable  woodland.  Its  area  is  about  700  acres,  and  it  contains 
a  very  small  population.  The  water  is  distributed  by  gravity.  Dis- 
tributing mains  are  of  cast  iron.  Service  pipes  are  of  wrought  iron. 
Complaints  of  a  disagreeable  taste  and  odor  in  the  water  supplied 
to  consumers  were  made  during  every  year  after  the  works  were 
constructed  until  1888. 


Chemical  Examination  of  Water  from  ike  Storage  Reservoir  of  the  Westborough 

Water  Works. 

'    [Pftrta  per  100,000.] 


Datb  of 

Appkabancb. 

Bbsidub  ow 

EVAPOBATIOH. 

Ajocohia. 

1 

NiTBOOKX 
AS 

1 

j 

il 

1 

j 

1 

^ 

§1 

1 

1 

i 

1 

» 

101 

18 

June  14 

87. 

Juue  16 

Slight. 

Slight. 

0.70 

8.42 

1.66 

1.77 

.0016 

.0267 

.21 

.0090 

^ 

816 

July  12 

July  13 

Slight. 

Verysllght. 

0.60 

8.36 

1.65 

1.80 

.0006 

.0263 

.16 

.0070 

- 

620 

Aug.  11 

Aug.  12 

Slight. 

Verysllght. 

0.80 

3.77 

1.65 

,  2.12 

.0008 

.0880 

.22 

.0030 

- 

756 

Sept.  13 

Sept.  14 

Very  slight. 

Verysllght. 

0.20 

8.80 

1.80 

2.00 

.0013 

.0299 

.22 

.0090 

- 

046 

Oct.  13 

Oct.  14 

Verysllght. 

Vei-y  Blight. 

0.60 

8.42 

1.40 

2.02 

.0009 

.0373 

.21 

.0130 

- 

1203 

Nov.  16 

Nov.  17 

SUght. 

Slight. 

0.60 

2.96 

1.45 

1.50 

.0004 

.0237 

.27 

.0080 

- 

1410 

D«B.  16 

Dec.  15 

Verysllght. 

Verysllght. 

0.70 

8.50 

1.66 

1.96 

.0004 

.02M 

.28 

.0030 

- 

1809 

18 

Feb.  13 

89. 
Feb.  14 

Slight. 

Verysllght, 

0.66 

8.40 

1.40 

2.00 

.0098 

.0194 

.26 

.0120 

.0001 

1842 

Feb.  16 

Feb.  17 

Slight. 

Verysllght. 

0.40 

3.20 

1.10 

2.10 

.0112 

.0226 

.27 

.0120 

.0001 

2062 

Mar.  20 

Mar.  21 

VeryaUght. 

Verysllght. 

0.15 

2.85 

0.65 

2.20 

.0016 

.0144 

.20 

.0090 

.0000 

2278 

Apr.  20 

Apr.  23 

Very  Blight, 

Slight. 

0.16 

2.25 

0.65 

1.60 

.0021 

.0179 

.16 

.0100 

.0001 

2466 

May  18 

May  18 

Verysllght. 

Noue. 

0.10 

2.06 

0.70 

1.35 

.0010 

.0164 

.15 

.0060 

.0000 

Av 

0.46 

3.12 

1.26 

1.87 

.0026 

.0244 

.22 

.0079 

Hardness  in  May,  1888,  0.6.    Odor,  vegetable,  frequently  mouldy. The  samples  were  collected 

from  a  faucet  uear  the  reservoir,  with  the  exception  of  No.  2278,  which  was  collected  from  a  faucet  In 
the  village. 


Microscopical  Examination. 


1888. 


March.         ApriL 


May. 


1.  Blne.greon  Algae, 

2.  Other  Algae,      . 
8.  Fungi, 

4.  Animal  Forms, 


0.0 
pr. 
0.0 
pr. 


0.0 
pr. 
0.0 
pr. 


0.0 
pr. 
0.0 
pr. 


Groups  and  principal  genera  of  organisms  observed:    2.  Palmellaoeae ;  Zoospores;  Diatomaoen. 
4.  Protozoa;  Bntomostraca.  •->  t 
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Water  Supply  of  Westborough  Insane  Hospital,  West- 
borough. 

This  is  a  supply  to  a  public  institution  which  has  a  population 
averaging  about  500  people.  The  works  were  built  in  1886.  The 
source  of  supply  is  a  system  of  tubular  wells  near  the  shore  of 
Chauncy  Pond.  The  wells  are  32  in  number,  two  inches  in  diam- 
eter and  in  some  cases  50  feet  deep.  Water  is  pumped  to  an  open 
iron  tank  23  feet  in  diameter  and  40  feet  in  height.  The  tank  rests 
on  the  top  of  a  brick  tower  70  feet  in  height.  Distributing  mains 
are  of  cast  iron ;  service  pipes  are  of  galvanized  iron  and  lead. 

Chauncy  Pond  has  an  area  of  about  205  acres,  and  was  used  as  a 
source  of  water  supply  for  the  Refonn  School,  which  was  located  in 
the  buildings  now  occupied  by  the  hospital. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  at  the  Westborough 

Insane  Hospital. 

[Parts  per  100,000.] 


Datb  op 

Rbsidcb  oy 
Evaporation. 

AmfOIQA. 

i 

I 

NlTROOEN 
AS 

is 

1 

1 

li 

Turbidity. 

«; 

1 

1 

fl 

1 

|l 

S 

1 

100 

June  14 1  June  15  \ 

Sll»t,mllky. 

None. 

0.00 

U.40 

_ 

_ 

.0466 

.0022 

.42 

.0000 

. 

818 

July  12  July  13 

None. 

None. 

0.00 

11.26 

- 

- 

.0420 

.0080 

.44 

.0070 

- 

558 

Aug.  15  Aug.  16 

Nona. 

None. 

0.00 

11.25 

- 

- 

.0385 

.0029 

.40 

.0000 

- 

747 

Sept.  12 'Sept.  13 

Sli't,inllky.  None. 

0.05 

11.20 

- 

- 

.0852 

.0023 

.43 

.0070 

- 

1880 
1505 

Dec,  12  Dec.  14 

1888. 

Jan.  le  Jan.  17 

Very  slight, 
opalesoeDt. 

None. 
None. 

0.10 
0.05 

11.85 
11.60 

- 

.0442 
.0414 

.0060 
.0062 

.41 
.41 

.0010 
.0050 

.0001 

1808 

Feb.  13 

Feb.  14' 

^STu'r*' 

None. 

0.10 

11.15 

- 

.0464 

.0060 

- 

.0100 

.0001 

2044 

ICar.  19 

Mar.  20 

None. 

None. 

0.10 

11.10 

- 

- 

.0438 

.0060 

.46 

.0060 

.0000 

2228 

Apr.  16 

Apr.  17 

Decided, 
opalescent 

None. 

0.10 

11.86 

- 

- 

.0666 

.0079 

.42 

.0020 

.0000 

2429 

May  15 

May  16 

Milky. 

None. 

0.10 

11.85 

- 

- 

.0660 

.0068 

.43 

.0000 

.0000 

2666 

June  28 

June  27 

BUH,  milky. 

None. 

0.05 

11.30 

- 

- 

.0422 

.0068 
.0042 

.43 

.0020 

.0000 

2702 

July  18 

July  19 

Deckled, 
milky. 

None. 

0.00 

11.85 

- 

.- 

.0608 

.0042 
.0024 

.42 

.0020 

.0000 

2B88 

Aug.  16 

Aug.  16 

Milky. 

Veryslight, 
black. 

0.10 

11.65 

- 

- 

.0608 

.0044 

.44 

.0060 

.0000 

8201 

Sept.  18 

Sept.  19 

Veryslight. 

Veryslight, 
earthy. 

0.00 

11.00 

- 

- 

.0480 

.0038 

.43 

.0050 

.0000 
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ChemiccU  Examination  of  Water  from  the  Tubular  Wells  at  the  Westborough 
Insane  Hospital — Concluded. 


Date  or 


Afpbajujicx. 


Rbsidcb  oh 
Evaporation. 


i^ 


Amxokia. 


J 


irmooBV 


8872 

8681 

8701 

8860 

4037 

4337 
4610 

4063 


Oet 

Nov. 

Dee. 

Jan. 

Feb. 

Mar. 
Apr. 


12 


May  14 


Oct.  17 


Nov.  21 


Dec.  13 


Jao.  17 


Feb.  20 

Mar.  20 
Apr.  17 

May  15 


8U%mUky. 
VervBllght, 
8U%mUky. 


Very  slight, 
mAky. 

Veryillght, 
mUky. 

811't,  milky 

DlntlDOt, 

milky. 
SU%  milky. 


None. 

None. 

None. 

None. 

Very  ellght. 

Veryelight. 
Veryellghi. 

None. 


0.00 

0.00 

0.10 

0.10 

0.20 

0.20 
0.20 

0.10 


Av. 


0.08 


10.95 

10.60 
11.45 

11.80 

11.46 

11.50 
11.46 

11.86 


0500 
.0552 
,0544 
.0512 


0504 
0624 


.0080 
.0030 

.0048 
.0046 

.0054 
.0046 

.0046 

.0042 

.0052 
.0058 

.0048 


11.36 


.0487 


.0047 


.0040 
.0080 
0050 
0O4O 
0030 


0030 
0020 


0000 
0001 
.0001 
0000 

.0000 


.0080 


.42 


,0088 


0000 

The 


HardneM  In  Jnly,  1887.  6.0;  in  May,  1888,  6.0.    Odor,  generally  none,  oeoationally  pecoUar.- 
samples  were  collected  from  a  fancet  at  the  pumping  station  while  pumping. 


Microscopical  Examination, 

March,  1888,  to  May,  1880,  inclusive,  no  organisms. 


Chemical  Examination  of  Water  from  a  Tubular  Well  at  Westborough  Insane 

Hospital, 

[Parts  per  100,000.] 


Datb  or 

Appxaeancb. 

RBsrouB  oir 

EVAPORATIOV. 

AXKOHIA. 

i 

NrraooBV 
▲a 

i 

1 

i 

ii 

f 

1 

1 

.-« 

•"a 

3* 

1 

1 

< 

i 
1 

s 

666 

18  ST. 

Aug.  15  1  Ang.  16 

1 

None. 

0.0 

12.10 

- 

- 

.0310 

.0010 

.40 

j.0«» 

- 

The  sample  was  collected  from  the  tubular  well  nearest  the  pumping  station  at  the  Westborough 
Insane  Hospital.  The  well  was  disconnected  from  the  suction  pipe  for  the  purpose  of  obtaining  a 
•ample  of  the  water. 
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Chemical  Examination  of  Water  from  Chauncy  Pond  in  Westborough, 

[Put!  |>«r  100,000.] 


Dat«  of 

APPBABAirCB. 

Rksidub  on 
Evaporation. 

Amvonxa. 

i 

NITBOOBN 
AS 

s 

1 

ii 

3 

^ 

«i 

1 

1 

§1 

S 

i 

1= 

S 

1 
1 

817 

18 

Jolj  12 

July  13 

BUght. 

None. 

0.60 

4.60 

1.60 

8.00 

.0012 

.0289 

.27 

.0040 

_ 

552 

Ang.l5 

Aug.l« 

Slight. 

Slight. 

0.60 

4.37 

2.07 

2.80 

.0004 

.0297 

.27 

.0000 

- 

2805 

IS 

Jane  26 

88. 
Juoe27 

Distinct. 

None. 

0.60 

4.05 

1.75 

2.80 

.0004 

.0876 
.0226 

.80 

.0030 

2793 

July  18 

July  19 

Distlnet. 

^;sS!""- 

0.70 

2.80 

1.15 

1.75 

.0008 

.0344 
.0276 

.29 

.0000 

.0001 

8909 

Aug.  15 

Aug.  16 

DiiUDOt. 

Very  slight. 

0.45 

3.85 

1.70 

2.15 

.0000 

.0296 
.0216 

.29 

.0080 

.0003 

S411 

Oct.  19 

Oct.  20 

Distinct. 

SUH,  green. 

0.60 

3.80 

1.75 

2.15 

.0004 

.0338 
.0222 

.28 

.0060 

.0001 

At 

0.66 

3.88 

1.88 

2.08 

.0005 

.0320 

.28 

.0025 

.0001 

Odor,  vegetable,  occasionally  mouldy. The  samples  were  collected  from  the  pond  near  the 

surface,  with  the  exception  of  No.  8411,  which  was  collected  five  feet  beneath  the  surface.    The  samples 
were  collected  from  near  the  point  where  the  Reform  School  formerly  drew  its  water. 


Microscopical  Examination. 


1888. 

« 

June. 

July. 

Aug. 

Oct. 

1.  Blue-green  Algae 

2.0therAlg» 

3.  Fungi 

4.  Animal  Forms, 

0.2 
0.8 
pr. 
pr. 

0.6 
1.1 
0.0 
0.1 

0.1 
2.9 
0.2 
1.2 

0.2 

62.3 

pr. 

0.1 

Groups  and  principal  genera  of  organisms  observed:  1.  Cyanophycev.  2.  PalmellacesD ;  Zoo. 
sporesD;  Desmidlacew;  Dlatomacen,  Jfeloaira,  Tabeliaria,  3.  Schizomycetes.  4.  Protozoa,  Peri- 
dlnium;  Sponglarla;  Rotifera;  Entomostraca. 


Water  Scpplt  op  West  Brookfield. 
Description  of  Works. — Population  in  1885,  1,747.  The  town 
is  supplied  with  water  by  several  aqueduct  companies  from  springs 
in  the  hilU  about  the  town.  The  water  is  distributed  by  gravity 
and  the  distributing  mains  are  in  most  cases  very  small.  The  more 
important  supplies  are  described  below. 
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1.  The  Cement  Aqueduct  Company. — This  company  introduced 
water  in  1872,  and  supplied  about. 40  families  in  1887.  The  sources 
of  supply  are  two  collecting  galleries  on  the  side  of  a  hill.  One 
gallery  is  130  feet  long,  3  feet  wide  and  6  feet  deep.  The  second 
gallery  is  30  feet  long,  3  feet  wide  and  6  feet  deep.  Distributing 
mains  are  of  wrought  iron  lined  with  cement ;  service  pipes  are  of 
lead. 

2.  Quaboag  Aqueduct  Company. — This  company  introduced 
water  about  the  year  1852,  and  supplied  about  40  families  in  1887. 
The  sources  of  supply  are  two  wells.  Water  is  distributed  by 
gravity.     Distributing  mains  and  service  pipes  are  of  lead. 

3.  West  Brookfield  Aqueduct  Company. — This  company  intro- 
duced water  about  1838,  and  supplied  about  60  families  in  1887. 
The  sources  of  supply  are  two  collecting  galleries  on  the  side  of  a 
hill.  One  gallery  is  about  160  feet  long,  2J  feet  wide,  and  8  feet 
deep.  The  second  gallery  is  about  ten  feet  long,  2  feet  wide  and 
4  feet  deep.     Distributing  mains  and  service  pipes  are  of  lead. 


Chemical  Examination  of  Water  from  the  Cement  Aqueduct  Company'' s  Springs, 

West  Brookfield. 

[Parts  p«r  100,000.] 


Datb  or 

APPBARJlKOB. 

RlfllDUB  OM 
EVAPORATIO». 

Ammonia. 

1 

KlTROOB* 
AS 

£ 

i 

1^ 

Turbidity. 

j 

1 

1 

§1 

1 

1 

s 

1 

S 

114 

18 

June  15 

87. 

June  16 

None. 

None. 

0.0 

8.80 

„ 

_ 

.0001 

.0008 

.09 

.0060 

„ 

641 

Aug.  14 

Aug.  16 

Kone. 

None. 

0.0 

8.66 

- 

.0002 

.0002 

.12 

.0180 

- 

1501 

IS 

Jan.  13 

88. 
Jan.  14 

None. 

None. 

0.0 

8.00 

. 

_ 

.0000 

.0006 

.12 

.0260 

.0000 

2221 

Apr.  1« 

Apr.  17 

None. 

None. 

0.0 

2.76 

- 

- 

.0000 
.0001 

.0008 

.13 
.12 

.0160 

.0000 

Av. 

0.0 

8.16 

- 

- 

.0006 

.0148 

Odor,  none.  — The  samplei  were  collected  from  a  faucet  in  the  Tillage. 


Microscopical  Examination, 


April,  1888.    No  organism*. 
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Chemical  Examination  of  Water  from  the  Quaboag  Aquedtict  Companjfs  Springs^ 

West  Brookfield, 

[Parts  per  100,000.] 


DATS  OV, 


APPSASAlfOB. 


M2 

1587 


Av. 


18  87. 


Aag.  15 

18 

Jan.  13 

Apr.  16 


None. 


Ang.l6 

88.  (I 

Jan.  14    None. 

Apr.  17  .None. 


None. 

None. 
None. 


0.0 
O.Q 


RsaiDUB  on 

KVArORATIOV. 


8.80 

8.80 
8.10 


8.67 


.0000 

.0001 
.0000 


.0000 


.0002 

.0006 
.0006 


.0006 


.0100 
,0260 


.0117 


.0000 
.0000 


.0000 


Odor,  none. The  eamplea  were  collected  from  a  fancet  In  the  Tillage. 

Microsoopical  Examination, 

April,  1888.    1.  Blae-greenalgs,  0.0;  2.  Other  algae,  pr. ;  8.  Fungi,  0.0;   4.  Animal  forms,  0.0. 
Gronps  and  principal  genera  of  organisms  observed :    2.  Diatomaces. 


Chemical  Examination  of  Water  from  the  West  Brookfield  Aqueduct  Company's 

Springs. 

[Parte  per  100,000.] 


DATS  OF 

ArrsARuiai. 

RSSIDCS  OH 
EVAPOBATIOH. 

Ammonia. 

1 

NiTBOOBV 
AS 

i 

1 

1 

si 

f 

1 

1 

1 

§1 

1 

1 

il 

< 

s 

1 

lis 

546 
1220 

18'87. 

Jane  15  Jane  16 

Aug.  15  Ang.l6 

18  88. 

Apr.  16  Apr.  17 

None. 
None. 

Slight. 

Slight. 
VerysUght. 

Con.,brown. 

0.0 
0.0 

0.0 

6.22 

4.n 

4.20 

- 

- 

.0004 
.0000 

.0000 

.0022 
.0004 

.0064 

.18 
.12 

.09 

.0890 
.0260 

.0400 

.0001 

At. 

1 

0.0 

4.78 

- 

- 

.0001 

.0027 

.11 

.0860 

0<ior,  none. The  samples  were  collected  from  a  faucet  in  the  village. 

Microscopical  Examination, 

April,  1888.    1.  Blne-green  alg»,  0.0;  2.  Otheralgs,  pr.;  3.  Fungi,  0.0;  4.  Animal  forms,  OU). 
Oroapi  and  principal  genera  of  organisms  observed :    2.  Dlatomaoe». 


Water  Supply  of  Westfield. 
Description  of  TTotAj^.  —  Population  in  1885,  8,961.     The  works 
are  owned  by  the  town  and  were  built  in  1874.     There  were  1,481 
fiunilies  supplied  in  1888.     The  source  of  supply  is  Moose  Meadow 
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Brook,  in  Montgomery,  on  which  a  storage  and  a  distributing  reser- 
voir are  built.  The  storage  reservoir  is  located  in  a  mountain  gorge. 
Its  area  is  38  acres,  and  its  capacity  184,000,000  gallons.  The 
slopes  are  very  abrupt,  and  the  average  depth  of  the  reservoir 
is  15  feet;  the  maximum  depth  is  30  feet.  The  bottom  was 
originally  a  meadow,  but  the  muck  and  vegetable  growth  were 
removed  when  the  reservoir  was  built.  The  distributing  reseivoir, 
known  as  Tekoa  reservoir,  is  about  2  J  miles  from  the  storage  reser- 
voir, and  is  formed  like  the  latter  by  a  dam  across  Moose  Meadow 
Brook.  Its  area  is  about  IJ  acres  and  its  capacity  is  4,500,000 
gallons.  The  maximum  depth  of  the  reservoir  is  14J  feet  and  the 
slopes  are  abrupt.  All  muck  was  removed  from  the  bottom  of  the 
reservoir  when  it  was  constructed,  and  the  bottom  is  of  gravel  and 
rock.  Water  flows  from  the  storage  to  the  distributing  reservoir  in 
the  channel  of  the  brook,  falling  about  480  feet  in  its  course  from 


the  storage  reseivoir. 


The  area  of  the  watershed  of  the  storage 


reservoir  is  2  square  miles ;  that  of  the  distributing  reservoir  is 
about  2\  square  miles,  making  the  total  area  of  watershed  at  the 
'outlet  of  the  distributing  reservoir  4=^  square  miles.  The  areas  are 
rocky  and  mountainous  and  contain  a  very  small  population.  The 
distributing  mains  are  of  cast  iron ;  service  pipes  are  of  wrought 
iron  lined  with  cement.  It  is  stated  in  the  annual  reports  that  there 
was  a  disagreeable  taste  and  odor  in  the  water  supplied  to  consumers 
during  a  time  when  water  was  being  drawn  from  the  bottom  of  the 
reservoir  in  1876. 


Chemical  ExamincUion  of  WcUer  from  the  Storage  Reservoir  of  the   Wesffield 

Water  Works. 

[Parts  per  100,000.] 


Date  of 

Appbarakcb. 

Rrsidur  on 

EVAPORATIOH. 

Ammohia. 

c 
1 

KiTKOOKSI 
A« 

1 

u 

S«5 

1 

i 

1 

1 

I 

1 

1 

la 

i 
1 

'A 

1 

180 

18 

June  16 

June  17 

Distinct. 

None. 

0.50 

3.15 

1.25 

1.90 

.0005 

.0129' 

.06 

.0020 

_ 

874 

July  20 

July  21 

None. 

None. 

1 
0.60 

3.00 

0.95 

2.05 

.0011 

.0193 1 

.09 

.0000 

- 

658 

Aug.  16 

Aug.  17 

1  Slight. 

Oonaid'hle. 

1.00 

8.65 

1.67 

1.98 

.0006 

.0213 

.05 

.0030 

- 

791 

Sept.  16 

Sept.  16 

1  Decided. 

Very  slight. 

0.40 

3.35 

0.95 

2.40 

.0002 

.0166 

.12 

.0000 

- 

9n 

Oct.  18 

Oct.  10 

,  Slight. 

Very  slight. 

0.70 

3.20 

1.10 

2.10 

.0000 

.0172 

.09 

.0000 

- 

1W3 

Nov.  15 

Nov.  16 

VeryBllght. 

Slight. 

0.60 

2.80 

1.30 

1.60 

.0000 

.0152 

.15 

.0040 

- 

1412 

Dec.  15 

Dec.  16 

Very  slight. 

None. 

0.60 

3.45 

1.10 

2.35 

.wm 

.0150, 

.14 

1 

.0040 

- 
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dkemiceU  Examination  of  Water  from  the  Storage  Reservoir  of  the  Westfield 
Witter  Works — Ck>ncluded. 


DjLTB  or 

Appeahakcb. 

1         RSfllDUB  ON 
EVAPOSATIOM. 

Amiiomia. 

1 

NlTROOSK 
AM 

i 

1 

1 
1 

I 

«" 

1 

1 

1 

1 

'4 

1 

1  s 

1 

i' 

J 
t 

9a 

mi 

1 

Jan.  16 

98. 

Jan.  17 

Slight. 

Slight. 

1 
0.40 

1 

3.00    1.00 

2.00 

.0002 

.0114 

1 
.07 

.0120 

.0000 

1810  Feb.  13 

Feb.  14 

Very  alight. 

Very  alight, 
white. 

0.40 

2.85 

0.05 

1.90 

.0000 

.0094 1 

.14 

.0100 

.0001 

2063  Mar.  20 

Mar.  21 

Very  alight. 

Veryallght. 

0.60 

2.55 

0.45 

2.10 

.0004 

.0090 

.10 

.0100 

.0001 

«M3 

Apr.  18 

Apr.  18 

Slight. 

Slight. 

0.20 

2.20 

1.00 

1.20 

.0000 

.0110 1 

.08 

.0060 

.0002 

S431 

May  15  May  16  | 

SUght. 

Slight. 

0.«0 

1 

8.35 

0.05 

2.40 

Loooo 

.0003 

.0176 
.0147 

.06 
.10 

.0020 
.0044 

.0001 

At. 

1 

0.54 

1 

3.04 

1.05 

1.99 

.0001 

1 

1 

HardoesB  In  May,  1888,  0.8.    Odor,  generally  faintly  vegetable.- 
from  a  faucet  in  the  village. 


-The  aamplea  were  collected 


Microscopical  Examination, 


I.  Blue-green  Algae, 
2.0therAlgfls, 

3.  Pnngi, 

4.  Animal  Forma, . 


March. 


0.0 
pr. 
0.0 
0.0 


1S8S. 


April. 


0.0 
pr. 
0.0 
pr. 


May. 


0.0 
pr. 
pr. 
pr. 


Qroups  and  principal  genera  of  orgauisma  obaerved:    2.  Palmellaceaa ;  Diatomaceoa.    3.  Schizo* 
myoetea.    4.  Protozoa. 


Water  Supply  of  West  Springfield.  —  West  Springfield 
Aqueduct  Company. 
Description  of  Works.  — Population  in  1885,  4,448.  The  works 
are  owned  by  the  West  Springfield  Aqueduct  Company,  and  were 
built  in  1876.  The  source  of  supply  is  Darby  Brook  in  West 
Springfield,  on  which  a  small  storage  reservoir  is  built.  The  area 
of  the  reservoir  is  about  3  acres  and  its  maximum  depth  is  about  14 
feet.  The  bottom  is  of  gravel.  The  watershed  is  uninhabited  and 
mach  of  it  is  woodland.  Water  is  distributed  by  gravity.  Distrib- 
uting mains  are  of  wrought  iron  lined  with  cement ;  service  pipes 
are  of  wrought  iron. 
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ChemiccU  Examination  of  Water  from  the  Storage  Reservoir  of  the  West  Spring- 
field  Aqueduct  Company, 


[Parti 

per  100,000.] 

Date  ov 

Afpbasavob. 

RK8IDDB.ON 

Evaporation. 

Ammovia. 

i 

1 

6 

NlTBOOBH 
AM 

i 

? 
u 

1^ 

1 

*i 

i 

& 

§1 

1 

1 

A 

1 

131 

18 

June  16 

87. 

June  17 

Decided. 

81i»t,brown. 

0.20 

4.12 

0.97 

3.15 

.0003 

.0128 

.16 

.0000 

_ 

418 

July  27 

July  28 

Decided. 

Slight. 

0.80 

- 

- 

- 

.0006 

.0224 

.16 

.0040 

- 

687 

Aug.  19 

Aug.  20 

Decided. 

Bli*t,earthy. 

0.70 

5.55 

1.60 

4.05 

.0029 

1 

.0270 

.16 

.0070 

- 

1192 

Nov.  14 

Nov.  16 

DUUnct. 

Bli't.  white. 

0.10 

4.45 

1.05 

8.40 

Loooo 

.0149 

.17 

.0040 

- 

1428 

Dec.  16 

Deo.  17 

Blight. 

Sll't,  white. 

0.25 

4.05 

0.55 

3.50 

.0000 

.0094 

.14 

.0040 

- 

1807 

18 

Jan.  16 

88. 
Jan.  17 

Distinct. 

Veryslight. 

0.10 

8.75 

0.75 

3.00 

.0004 

.0080 

.10 

.0080 

.0000 

1811 

Feb.  13 

Feb.  14 

NTery  Blight. 

811%  white. 

0.10 

4.05 

0.80 

3.25 

.0012 

.0070 

.16 

.0080 

.0002 

2052 

Mar.  19 

Mar.  20 

Very  slight. 

Slight. 

0.25 

3.65 

0.60 

8.05 

.0004 

.0083 

.12 

.0090 

.0000 

2229 

Apr.  18 

Apr.  17 

Decided. 

8U't,brown. 

0.20 

3.05 

0.65 

2.40 

.0000 

.0104 

.10 

.0050 

.0001 

2478 

May  21 

May  22 

Distinct. 

811%  white. 

0.35 

4.30 

1.15 

8.15 

.0034 

.0128 

.09 
.14 

.0080 

.0001 

Av. 

0.81 

4.11 

0.89 

8.22 

.0009 

.0188 

.0067 

.0001 

Hardness  in   May,  1888,  1.8.     Odor,  vegetable,  occasionally  disagreeable. The  samples  were 

collected  from  a  faucet  in  the  first  or  second  house  on  the  main  pipe  below  the  reservoir.    There  were 
heavy  rains  Just  previous  to  the  collection  of  No.  418  and  No.  687. 


Microscopical  Examination. 


1888. 


April. 


May. 


1.  Blue-green  Alga), 

2.  Other  Algn, 

3.  Fungi, 

4.  Animal  Forms,  . 


0.0 
0.0 
0.0 
pr. 


0.0 
pr. 
0.0 
pr. 


0.0 
pr. 
0.0 
0.0 


Groups  and  principal  genera  of  organisms  observed:    2.  Palmellacen ;  Dlatomacen.    4.  Protoxoa. 


Water  Supply  of  Weymouth. 
Description  of  Works.  — Population  in  1885,  10,740.     The  works 
are  owned  by  the  town.     Water  was  introduced  in  1885  ;  the  aver- 
age daily  consumption  in  1888  was  estimated  to  have  been  about 
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563,000  gallons.  The  source  of  supply  is  Great  Pond  in  Wey- 
mouth. The  area  of  the  pond  is  290  acres  and  its  general  depth  is 
said  to  be  about  12  feet.  Some  portions  of  the  pond  are  quite  shal- 
low. The  watershed  of  631  acres,  exclusive  of  the  area  of  the 
pond,  contains  a  small  population,  and  there  is  considerable  swamp 
land  in  the  vicinity  of  the  pond.  Water  flows  by  gravity  to  a 
pumping  station,  from  which  a  portion  of  it  is  distributed  by  gravity 
to  the  lower  parts  of  the  town.  The  remainder  is  pumped  to  an 
open  iron  tank,  40  feet  in  diameter  and  75  feet  in  height,  from  which 
it  is  distributed  to  the  high-service  districts..  In  case  of  fire  the 
high  and  low  servicer  systems  are  connected  if  necessary.  Distrib- 
uting mains  are  of  cast  iron ;  service  pipes  are  generally  of  wrought 
iron,  a  few  being  of  lead. 


C?^etnical  Examination  of  Water  from  GrecU  Pond^  WeymotUh, 

[Parts  per  100,000.] 


Datb  of 

Appxabaxob. 

Rksiduk  on 
Evaporation. 

AXXOMIA. 

1 

i 

NiTKOOBM 
AS 

^ 

j 

|j 

f 

j 

6 

H 

il 

1 

1 

•6 

S 

S 

S8 

18  ST. 
Jane  4  Jane 

6 

1 

i  Very  slight. 

None. 

0.8 

4.25 

2.05 

2.20 

.0002 

.0212 

.46 

.0000 

^ 

384 

Jnly    8 

July 

8 

Slight. 

SU't,brown. 

1.3 

4.25 

1.70 

2.65 

.0003 

.0222 

.48 

.0000 

- 

468 

Aug.  2 

Ang. 

Slight. 

Coa,brown. 

1.0 

4.02 

1.57 

2.45 

.0006 

.0221 

.43 

.0030 

- 

681 

Sept.  2 

Sept. 

Very  Blight. 

Slight. 

0.7 

4.08 

1.82 

2.46 

.0011 

.0222 

.45 

.0030 

- 

806 

Oct.     6 

Oct. 

Very  slight. 

SUght. 

0.0 

3.00 

1.66 

2.25 

.0013 

.0237 

.48 

.0000 

- 

1361 

Dec.   7 

Dec. 

Veryslight. 

Veryslight, 
white. 

0.0 

4.00 

1.00 

2.10 

.0008 

.0202 

.62 

.0030 

- 

in6 

Feb.    4 

8S. 

Feb. 

Very  slight. 

0.8 

4.60 

2.10 

2.60 

.0024 

.0253 

.48 

.0080 

1 

.0000 

Av. 

0.0 

4.16 

1.80 

2.36 

.0010 

.0224 

.0037 

Odor,  lalotly  vegetable. The  samples  were  collected  from  a  faneet  at  the  pumping  station  while 

jramplng,  with  the  exception  of  No.  38,  which  was  collected  from  the  pond  six  feet  beneath  the  sarfaoe. 
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Chemical  ExamincUion  of  Water  from  Faucets  in  Weymouth  supplied  from  the 

Weymouth  Water  Works, 

[Parts  per  100,000.] 


DATS  or 

Apprabakcb. 

Rksiduk  on 
'    evafokatioh. 

Ammovia. 

i 

II 

6 

NtTBOGKH 
AS 

a 

3 

5« 

J 

e 

i 

1    . 

il 
|1 

1 

1 

il' 

< 

i  '  s 

III 

1550 

1*. 

Jan.    5 

H8. 
Jan.    7 

Slight. 

Slight. 

0.9 

4.20 

1.85 

2.35 

i 

.00121.0216 

1 

.50 

1 

.OOSOpOOOO 

1047 

Mar.    5 

Mar.    5 

Very  slight. 

Slight. 

0.8 

4.69   2.30 

1 

2.35 

.0030  .0208 

.49, 

.0060  .0000 

2161 

Apr.    3 

Apr.   4 

Verysllght. 

Verysllght, 
white. 

0.9 

3.55   1.65 

1 

1.90 

.0005,. 0242 

1 

.48 

.00501.0000 

2406 

May  11 

May  12 

None. 

None. 

1.0 

3.75 

1.80 

i.«, 

1 
.0028  .0208 

1 

.44 

.0100 '  0001 

Hardness  in  May,  18S8,  0.3.    Odor,  faintly  vegetable. The  samples  were  collected  from  faucets 

in  Weymouth  near  the  centre  of  the  village. 

Microscopical  Examinaiion. 

April  and  May,  1888.    1.  Blue-green  algee,  0.0 ;  2.  Other  algie,  pr. ;  3.  Fungi,  0.0 ;  4.  Animal  forms,  pr 
Groups  and  principal  genera  of  organisms  observed  :    2.  Palmellaoen;  DiatomaceiB.    4.  Protosoa; 
Sntomostraca. 


Chemical  Examination  of  Water  from  the  Tank  of  the  Weymouth  Water  Works, 

[Parts  per  100,000.] 


DATS  OF 

AFPSABA2rCS. 

Rksiduk  on 
evapokatiuk. 

Akmoxia. 

NiTRoosar 
as 

^ 

J 

b!^ 

«i 

^ 

S 

^ 

1 

fi 

1 

1 

1 

1 

IS 

£ 

1 

s 

1 

- 

55 

18 

»7.          1 

I 

897 

Oct.     5 

Oct.     7 

Verysllght. 

None. 

0.8 

3.70 

1.80 

1.90 

.0000 

.0219 

.47 

.0090      - 

Odor,  none. The  sample  was  collected  from  a  faucet  at  the  tank. 


Water  Supply  of  Whitman. 
Description  of  Works.  — Population  in  1885,  3,595.  The  works 
are  owned  by  the  town  and  were  built  in  1883.  The  average  daily 
consumption  for  the  last  six  months  of  1888  was  93,329  gallons. 
The  present  source  of  supply  is  a  filter-gallery  on  the  easterly  shoi^ 
of  Hobart's  Pond  in  Whitman.  The  filter-gallery  was  first  used  in 
the  summer  of  1887,  but  its  use  was  afterwards  discontinued  for  a 
time.  The  supply  of  the  town  has  been  drawn  from  it  continuously 
since  May  28,   1888.     The  filter-gallery  is  built  in  two  sections. 
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The  first  section  is  100  feet  long,  15  feet  wide  and  14  feet  high  ;  its 
bottom  is  about  12  feet  below  high  water  in  the  pond.  At  the 
northerly  end  of  this  section  is  a  smaller  gallery,  416  feet  long,  18 
inches  wide  and  20  inches  high.  The  arch  and  side  walls  are  of 
brick.  There  is  also  a  direct  connection  between  the  filter-gallery 
and  the  pond.  Hobart's  Pond  is  a  mill  pond  on  the  Shumatuscacant 
River,  one  of  the  headwaters  of  the  Taunton  River,  and  was  formed 
many  years  ago.  Its  area  is  175  acres.  It  is  very  shallow  and 
much  of  the  area  of  the  pond  is  covered  with  a  growth  of  water 
bushes  and  aquatic  plants.  The  capacity  of  the  pond  above  a  plane 
three  feet  below  high  water  is  said  to  be  58,500,000  gallons.  The 
area  of  the  watershed  of  the  river  at  the  outlet  of  Hobart's  Pond  is 
6.4  square  miles,  as  estimated  from  the  new  topographical  map  of 
Massachusetts.  It  includes  the  villages  of  Abington  and  North 
Abington,  and  a  small  portion  of  Whitman.  Pumps  force  the  water 
from  the  filter-gallery  to  the  distributing  mains  and  to  an  open  iron 
tank  situated  on  the  opposite  side  of  the  village  from  the  pumping 
station.  The  tank  is  20  feet  in  diameter  and  105  feet  in  height. 
The  distributing  mains  are  of  wrought  iron  lined  with  cement.  Ser- 
vice pipes  are  of  wrought  iron  and  of  lead ;  the  latter  is  used  for  all 
extensions. 


Chemical  Examination  of  Water  from  the  Fitter-Gallery  of  the  Whitman 

Water  Works, 

[Parts  per  100,000.] 


Date  of 

Appbabancb. 

Residue  on 
evapu  ration. 

AXXONIA. 

1 

NlTBOOBK 

AS 

1 

a 

i 

f 

■.J 

1 

1 

1 

< 

2 

1 

497 

18  87. 

Aug.   8  Aug.  8 

Decided. 

Very  slight. 

1.80 

7.80 

_ 

« 

.0199 

.0324 

.61 

.0130 

» 

022 

Oct.  10,  Oct.  11 

Slight. 

Slight. 

0.40 

6.70 

- 

- 

.0086 

.0210 

.91 

.0260 

- 

2801 

18 

July  19 

88. 
July  20 

Decided. 

Con.,  rusty. 

0.70 

fi.»5 

- 

- 

.0226 

.0326 
.0274 

.78 

.0020 

.0008 

SOW 

Aug.  20 

Aug.  21 

Dedded. 

Slight. 

0.40 

6.15 

- 

- 

.0218 

.0316 
.0264 

.76 

.0050 

.0018 

3275 

Sept.  27 

Sept.  28 

DlBtlDCt. 

Sli'tibrown. 

0.10 

1 
6.00 

- 

- 

.0126 

.0212 
.0176 

.66 

.0200 

.0005 

3420 

Oct.  22 

Oct.  23 

Slight. 

Slight. 

0.06 

5.70 

- 

- 

.0058 

.0124' 
.0094 

.62 

.0280 

.0004 

35W 

Kov.  21 

Nov.  22 

Distinct, 
milky. 

81l't.earthy. 

0.05 

!   5.95 

- 

- 

.0048 

.0124 
.0092 

.70 

.0650 

.0008 

3736 

Deo.  18 

Dec.  19 

Slight. 

Sli't,  white. 

0.05 

6.40 
5.05 

- 

- 

.0060 

.0052 
.0036 

.72 

.0120 

.0001 

Digitized  by 


Google 


360 


WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Chemical  Examination  of  Water  from  the  FiUer-Oallery  of  the  Whitman  Water 

Works  —  Concluded. 


Date  of 

Appkabancs. 

Residck  on 

EVAPORATIOSr. 

AXMOVIA. 

1,  NlTROGS3r 

il   " 

^ 

j 

ii 

^ 

5 

i 

6 

1 

ii 

f^ 

1 

Chlorine. 
Nltratea. 

i 

8800 

18 

Jan.  22 

89. 

Jan.  23 

Distinct. 

Con  ..earthy 
and  floe' I. 

0.40 

4.40 

- 

' 

.0000 

.0158 
.0128 1 

1 

.64    .0280 

1 

.0001 

4147 

Feb.  27 

Feb.  28 

Veryillght. 

Veryslight. 
earthy. 

0.10 

4.35 

- 

- 

.0014 

.0124 

.67|'.0150 

II 
.66    .0250 

.0002 

4807 

Mar.  26 

Mar.  27 

Very  slight. 

Veryslight. 

0.20 

4.60 

- 

- 

.0074 

.0006 

.0001 

4557 

Apr.  23 

Apr.  24 

Sll't,  milky. 

Veryslight. 

0.15 

4.55 

- 

- 

.0068 

.0154 
.0134 

.69!  .0080 

.0002 

4741 

May  27 

May  28 

1 

Decided. 

Veryslight. 

0.40 

5.40 

- 

- 

.0126 

.0226 
.0218 

II 
.6S    .0040 

1 

.0007 

Av. 

0.33 

5.51 

- 

- 

.0100 

.0188 

.70    .0186 

Ii 

.0004 

Hardness  in  October,  1887,  2.3.    Odor,  frequently  vegetable  and  mouldy. The  samples  were 

collected  from  the  filter-gallery. 

Microscopical  Examination, 


1888. 

1889. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mnr. '  Apr.  1  May. 

1.  Blue-green  Algto 

0.0 

0.0 

0.0  '  0.0 

0.0 

0.0 

0.0 

0.0 

0.0  1  0.0 

0.0 

2.  Other  Algae 

pr. 

0.0 

0.0 

pr. 

pr. 

pr. 

pr. 

pr. 

0.3  1  0.0 

pr. 

8.  Fungi 

750.0  25.0 

0.0 

0.0 

0.0 

pr. 

0.0 

pr. 

5.0  1  0.0 

1 

0.0 

4.  Animal  Forms, 

pr.     pr. 

0.0 

0.0 

pr. 

0.0 

0.0 

pr. 

0.0  1  0.0 

0.0 

Groups  and  principal  genera  of  organisms  observed:    2.  Zooeporeao;  Desmldiacen ;  Diatomacesd. 
8.  Bchizomycetes,  OrenotArix.    4.  Protozoa. 


Chemical  Examination  of  Water  from  Hobarts  Pond  in  Whitman. 

[Parts  per  100,000.] 


Datb  of 

Appkasancs. 

Rksiddk  cm 

EVAPORATIOK. 

AXMOMIA. 

SmoQRX 

AS 

i 

j 

i 

f 

§ 

a 

1 

t 

s- 

F 

1 

-< 

2    1 
1 

S  ; 

1 

1 

9q 

66 

18 

June  0 

87. 
June  10 

. 

_ 

_ 

7.77 

8.67 

4.10 

.0137 

.0789 

0.69 

.0000 

« 

801 

July  11 

July  11 

Decided. 

Con.,  brown 

2.30 

7.40 

2.60 

4.80 

.0032 

.0836 

0.65 

.0000 

- 

024 

Oct.  10 

Oct.  11 

Decided. 

Consld'ble. 

1.00 

8.00 

1.85 

6.15  1 

.0020 

.0454 

0.06 

.0100 

- 

1360 

Deo.   0 

Dec.  10 

Slight. 

Veryslight. 

1.00 

6.30 

1.80 

••»! 

.0320 

.0322 

0.91 

.0150 

- 
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Chemical  Examination  of  Water  from  HobarVs  Pond  in  Whitman — Concluded. 


Datb  ov 


a 


il 
a- 


Afpbaranob. 


h 

€ 


Rk^dux  on 
Evaporation. 


Ammonia. 


as 

< 


NiTROOBN 


IS 

1750   Feb.    3 


1953 
2167 
2376 
2B02 


Mar.  6 
Apr.  9 
May  8 
July  19 


2830  '  July  23 
»89  Aug.  20 
8214    Sept.  27 

3419 ,  Oct.  22 

I 

8583   Nov.  21 

8735 1  Dec.  18 

'  18 

8M4 ,  Jan.  20 


4146 
4308 
4558 
4740 


Av. 


Feb.  27 
Mar.  26 
Apr.  23 
May  27 


88. 
Feb.    4 

Mar.    7 

Apr.  10 

May    9 

Jaly  20 

July  25 

Aug.  21 

Sept.  28 

Oct.  23 

Nov.  22 

Dec.  19 

89. 

Jan.  SO 

Feb.  28 
Mar.  27 
Apr.  24 
May  28 


Distinct. 

Slight. 

Diatlnct. 

Decided. 

Diatinot. 

Slight. 

DiaUnct. 

Distinct. 

Slight. 

Slight. 

Slight. 

DisUnct. 

Distinct. 

Slight. 

Decided. 

Slight. 


Slight. 
Sli't,  white 
Sli't,brown. 
CoD.,brown. 
Srt,  rusty. 

Brown. 

Sli't,  green 

Slight. 

Sli%browD. 

Slight. 

Slight. 

Very  slight. 

Very  slight, 

Slight. 

Con., green, 

Slight. 


0.80 
0.40 
0.70 
1.10 
1.70 

1.50 

0.00 

1.00 

1.20 

1.50 

0.45 

0.25 

0.45 

0.50 

0.90 

1.80 


.90 

I 

i    4.35 
4.45 

6.50 

7.30 
6.95 
6.95 
I  5.15 
6.10 
5.40 
5.05 
4.25 
5.00 
4.70 
4.90 
6.70 


1.00 


2.35 
1.60 
1.75 
2.45 

2.50* 

2.75 

2.20 

2.15 

2.50 

2.30 

1.65 

1.30 

1.46 

1.50 

1.90 

2.85 


5.55 
2.75 
2.70 
4.05 

4.80 

4.20 

4.75 

3.00 

8.60 

3.10 

3.40 

2.95 

3.55 

3.20 

3.00 

3.85 


6.58 


2.26 


4.32 


.0240 
.0065 
,0015 
.0054 
.0000 

,0054 

0012 


0046 


0030 


0018 


.0028 


0022 


0000 


0086 


.0326 
.0207 
.0340 
.0532 
.0676 


,0666 
0426 

0514 
,0342 

.0406 
0838 

,0344 
.0284 


.0182 
.0144 

0180 
0152 


.0244 

03o6 
0264 

,0442 
,0356 

,0584 
,0510 


1.00 
I  0.49' 
0.56 
0.76 
0.83 

0.82 

0.77 

0.51 

0.68 

0.64 

0.69 

0.56 

0.72 

0.60 

0.60 

0.80 


.0330 
.0150 
.0080 
.0050 
.0020 

.0070 

.0050 

.0050 

,0060 


.0006 
.0001 
.0003 
.0001 
.0002 

.0002 

.0001 

.0002 

.0008 


.01501.0004 
.0450  |. 0008 
.0300  |. 0008 


0.72 


,0210 
,0150 


,0004 
0002 


.0007 


.0003 


HardnenB  in  May,  1888, 1.8.    Odor,  vegetable,  frequently  mouldy. The  samples  were  collected 

irom  the  surface  of  the  pond  near  its  outlet,  with  the  exception  of  No.  66,  which  was  collected  from 
about  4  feet  beneath  the  surface. 

Microscopical  Examination, 


1888.                               1 

1880. 

July. 

Joly. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan.   Feb. 

Mar. 

Apr. 

May. 

1.  Blae^een  Algae 

pr. 

0.0 

0.0 

pr. 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0  '  0.0 

2.0therAlg» 

11.7 

21.9 

44.3 

0.4 

pr. 

0.2 

0.5 

pr. 

0.1 

1.7 

0.1  .  0.5 

«-5^gi 

0.1 

0.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0     0.0 

4.  Animal  Forms,     .... 

50.0 

2.8 

24.0 

pr. 

0.0 

0.2 

0.0 

pr. 

2.0 

0.8 

0.1  :  0.4 

Groups  and  principal  genera  of  organisms  observed :  1.  Cyanophyceee.  2.  Palmellaceee,  CMoro- 
coecm;  ^oosporess,  ^pAidium,  Scenedeumti^ ;  Desmidiacese,  (^»teriumt  Siaurastrtun  ;  Dlatomaoefls, 
JfeloiiratSifnedratTabellariasZyuTiemAcem.  3.  Schizomycetes.  4.  ProtozoA,  JHnobryon,  PeHdinium, 
T^raehelwionaM ;  Spongiaria;  Kotifera;  Bntomostraca. 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Water  Supply  of  Willi a^vistown.  —  Williamstown  Aqueduct 

Company. 
Description  of  Works. — Population  in  1885,  3,729.  The  works 
are  owned  by  the  Williamstown  Aqueduct  Company  and  were  buiH 
in  1859.  About  1,500  people  were  supplied  in  1887.  The  source 
of  supply  is  a  spring  near  the  base  of  a  mountain  southwest  of  the 
village.  The  water  of  the  spring  was  originally  stored  in  a  covered 
basin,  12  feet  long,  10  feet  wide  and  5  feet  deep.  In  1887  a  new 
reservoir  was  built  just  below  the  old  one,  50  feet  long,  30  feet  wide 
and  5  feet  deep.  About  Dec.  1,  1887,  the  new  reservoir  was 
covered.  Water  is  distributed  by  gravity.  Distributing  mains  are 
of  cast  iron  ;  service  pipes  are  of  wrought  iron.  Another  aqueduct 
company  built  works  in  1888  to  supply  water  from  Sherman  Spring, 
situated  southeast  of  the  village,  but  consolidated  with  the  Williams- 
town Aqueduct  Company  a  short  time  after  the  works  were  com- 
pleted. 


Chemical  Fxamination  of  Water  from  a  Faucet  in  Williamstown^  supplied  from 
the  Works  of  the  Williamstown  Aqueduct  Company, 

[Parts  per  100,000.] 


Datk  or 

Appkabancb. 

Rksidcr  on 
evaposatiok. 

Amkonia. 

1 

NiTROQSM 
AS 

^ 

5 

1 
§1 

1 

1 

1 

t 

ii 

1 

1 

il 

1 

1  s< 

S 

68 

1           1 

June   8  June  9    None. 

1 

None. 

1 
0.0 

14.45 

~ 

1 

1 

.0002 

1 

.0008 

1                ; 

.10    .0650      - 

280 

July    7  1  July    8  , 

None. 

None. 

0.0 

1 

14.50 

- 

.0004 

.0004 

.03    .0200 i    - 

492 

Aug.  6  Aug.  8 

None. 

None. 

0.0 

14.00 

- 

.  1 
1 

.0002 

.0002 

.08 

.0400 

- 

754 

Sept.  12   Sept.  14 

None. 

None. 

0.0  1 

14.15 

- 

1 

.0000 

.0000 

.09 

.OSOO 

- 

8sg 

Oct.     3   Oct.     6 

None. 

SU't.earthy. 

0.0' 

13.85 

- 

- 

.0000  .0016 

.08    .06801    - 

1107  1  Nov.    3' Nov.    5 

None. 

Slight. 

0.0 

14.20 

- 

- 

.0000  .0024 

1 

.05    .0500!     - 

1403    Dec.    9  '  Dec.  15 

1 

None. 

None. 

0.0 

14.05 

- 

.0000  1.0000  1 

.06  1.0500      - 

ii            1 

1575 

Jan.    61  Jan.  11 

None. 

None. 

0.0' 

14.15 

_ 

-  , 

.0000 

.0006 

1            1 

.05  .oeoo,   - 

1733 

Feb.    1    Feb.    2 

None. 

None. 

0.0 

13.65 

- 

-  i 

.0000 

.0006 

.10    .0460  .0000 

1965 

Mar.    5 

Mar.    7 

Veryslight. 

Very  Blight. 

0.0 

13.60 

- 

.0000 

.0020 

.05    .0460   .0000 

2170 

Apr.    9 

Apr.  10  ' 

None. 

Slight. 

0.0 

13.10 

- 

- 

.0000 

.0000 

.05    .0000  .0000 

2349   May    2 

May    3' 

None. 

None. 

0.0 

13.80 

- 

-  . 

.0000. 0000 

.07    .0460 

.0000 

Av, 

0.0 

13.96 

- 

- 

.0001 

.0007  1 

.07     .0486 

.0000 



, 

HardncHB  in  May,  1888,  13.8.    Odor,  none. The  samples  were  collected  from  a  fauc<»t  in  the 

village,  with  the  exception  of  No.  56,  which  was  collected  from  the  spring.    The  faucet  from  which  the 
samples  were  collected  is  supplied  with  water  from  the  old  source  of  sapply. 


May,l588.    No  organisms. 


Microscopical  Examination, 
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Chemical  Examination 

of  Water 

from  Sherman  Spring,  Williamst<ywn. 

[Parts  per  100,000.] 

Dam  of 

Appkaeance.                1 

Evaporation.      I  ammonia. 

'I 

i 
1 
S 

Nitrogen 

AS 

1 

s 

9 

3, 
1 

.1 

H 

s 

1 
1 

1 

i 

U4 

i 

1 
g 

s 

'A 

1         18 

89. 

1 

8830  Jan.    7 

Jan.    8 

DIrtlnct, 

None. 

0.05 

8.20 

_ 

« 

.0000 

.0008       .04 

.0070 

.0000 

1 

milky. 

Odor,  none. The  sample  wea  collected  from  the  aprlng.    Recent  heavy  rains  had  disturbed  the 

water  ai  the  time  the  sample  was  collected. 

Water  Supply  or  Winchendon. 

Population  in  1885,  3,872.  A  small  number  of  families  in  this 
town  are  supplied  with  water  by  gravity  from  three  springs  on  Ben- 
jamin Hill.  The  analysis  of  water  drawn  from  the  spring  supplying 
the  largest  number  of  families  is  given  below.  An  analysis  of 
water  from  a  test  well,  made  in  connection  with  investigations  for  a 
public  water  supply  for  the  town,  is  also  given. 

Chemical  Examination  of  Walerfrom  a  Spring  on  Benjamin  Hill,  Winchendon, 

[Parts  per  100,000.] 


Datb  of 

Appkarakok. 

liKsinuR  ox 
Evapokation. 

Akxokia. 

« 

NiTROOBli 
AS 

1 

§ 

e 
S. 

1 

§1 

M 

^ 

1 

1 

I 

|i 

£ 

1 

< 

1 

i 

5 

S004 

IS 

Aug.  21 

M.          1 

Aug.  22 

Veryalight. 

Sll't,  rusty, 
brown. 

0.0 

3.60 

- 

- 

.0002 

.004fi 
.0042 

.07 

.0120 

.0003 

Odor,  none. The  sample  was  collected  from  a  faucet  in  the  village. 

Microscopical  Examination. 

I.  Bine-green  algflB,  0.0;  2.  Other  algee,  0.3 ;  3.  Fungi,  0.0;  4.  Anlraal  forms,  pr. 

Groaps and  principal  genera  of  organisms  observed:    2.  Diatomacese.    4.  Protozoa;  Annelida. 


Chemical  Examination  of  Water  from  a  Tubular  Well  in  Winchendon, 

[Parts  per  100,000.] 


Date  of 

Appkaiahcb. 

Rbsidub  on 
Evaporation. 

Ammonia. 

i 

i 

NintooBv 

AS 

1 

I 

if 

H 

f 

1 

1 

H 

§1 

E 

1 

i| 

-< 

1 

1 

la 

98. 

^m 

Aag.2» 

Aug.  30 

Very  slight. 

ICone. 

0.0 

4.65 

~ 

■ 

.0004 

.0004 

1 

.04 

.0030 

.0000 

Odor,  none. The  sample  was  collected  from  a  tubular  well  about  \\  miles  east  of  Winchendoo 

village,  and  not  far  from  Prentiss  Bridge  where  the  Cheshire  Railroad  crosses  Miller's  lilver. 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Water  Supply  of  Winchester. 
Description  of  Works.  —  Population  in  1885,  4,390.  The  works 
are  owned  by  the  town,  and  were  built  in  1873.  There  were  926 
water  takers  in  1888.  The  source  of  supply  is  a  storage  reservoir 
in  Winchester  and  Stoneham.  The  area  of  the  reservoir  is  63  acres 
and  its  capacity  is  259,000,000  gallons.  Its  maximum  depth  is  25 
feet  and  its  average  depth  13  feet.  The  watershed  of  392  acres, 
exclusive  of  the  area  of  the  reservoir,  is  generally  well  wooded  and 
is  uninhabited.  The  principal  portion  of  the  town  is  supplied  by 
gravity  directly  from  the  storage  reservoir.  The  higher  portions  of 
the  town  are  supplied  from  the  high-service  system,  the  water  for 
which  is  pumped  by  a  windmill  from  the  storage  reservoir  to  a 
small  covered  distributing  reservoir  and  to  the  high-service  distrib- 
uting pipes.  A  steam  pump  is  also  provided  for  use  when  the  wind 
power  is  insufficient.  It  was  used  six  times  during  the  year  1889. 
The  walls  of  the  distributing  reservoir  are  perpendicular,  and  are 
built  of  stone  laid  in  cement ;  the  bottom  is  formed  of  the  same 
material.  The  capacity  of  this  reservoir  is  100,000  gallons.  The 
distributing  mains  are  of  wrought  iron  lined  with  cement.  Service 
pipes  are  of  wrought  iron  lined  with  rubber  or  with  cement ;  the 
latter  has  been  used  for  new  service  pipes  for  several  years.  Com- 
plaints have  been  made  at  times  during  several  years  of  a  disagree- 
able odor  and  taste  in  the  water  furnished  to  consumers.  There 
were  no  serious  complaints  in  the  years  1887  and  1888. 

Chemical  EzamincUion  of  Water  from  a  Faucet  in  Winchester^  supplied  from  the 

Winchester  Water  Works. 

[Part*  per  100,000.] 


Datb  of 

Appbabamcb. 

RBaiDOK  ON 
EVAPORATIOH. 

Ammohia. 

s 

i 

S 

XlTKOOKS 
AS 

s 

5 

i^ 

1 

1 

1 

t 

4 

1 

1 

I 

i       2 

^ 

26 

18 

June   1 

87. 

June  2 

1  Veryallght. 

None. 

0.06 

1 

6.00 

1.72 

3.28 

.0019 

.0168 

.47    .0000 

1           1 

. 

248 

July    6 

July    6 

1  Decided. 

Slight. 

0.02 

6.82 

1.46 

3.87 

.0001 

.0190 

.66    .0000 

1           1 

- 

448 

July  30 

July  80 

Very  alight. 

Very  slight. 

0.00 

4.80 

0.80 

4.00 

.0002 

.0126 

1    .66  j.0070 

- 

674 

Sept.  2 

Sept.  2 

Slight. 

Slight. 

0.20 

6.05 

0.70 

4.85 

.0004 

.0200 

.49    .0030 

- 

883 

Oct.     6 

Oct.     5 

Veryallght. 

Ve^^j,...t. 

0.30 

6.20 

1.16 

4.06 

.0008 

.0241 

.66 

.0100 

- 

1092 

Nov.   2 

Nov.   8 

Veryallght. 

v^^U^u, 

0.10 

4.76 

1.10 

8.66 

.0000 

.0236 

.64 

.0030 

- 

1820 
1627 

Dec.    6 

18 

Jan.    3 

Dec.    6 

88. 
Jan.    4 

Diadnct. 
Slight. 

Veryallght, 
white. 

Veryallght. 

0.10 
0.36 

6.46 
6.86 

1.35 
1.46 

4.10 
3.90 

.0068  .0222 
.0076  .0298 

.63 
.48 

.0030 
.0070 

.0001 

1732.  Feb.    2 

Feb.    2, 

Slight. 

8U»t,  white. 

0.10 

6.66 

1.45 

4.10 ' 

.0079 '.0246 

.48    .0150 

.0001 

1889.] 
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Cheimxd  Examination  of  Water  from  a  Faucet  in  Winchester,  supplied  from  the 
Winchester  Water  Works — Concluded. 


Date  or 

Appkaxahck. 

RaSIDDBOIf 
EVAPOOATION. 

AXMOHIA. 

j 

NiTSOGKN 
A8 

^ 

1 

!       6 

3 
1            H 

1 

1 

1 

§1 
1- 

1 

1 

l' 

s 

S 

1943 

19 

Mar.   3 

Mar.    3 

DiaUnot. 

Veryallght. 

0.10 

4.55 

1.35 

3.20 

.0036 

.0347 

.44 

.o\oo 

.0001 

2148  Apr.   3 

Apr.   3 

Veryallght, 

SllH,  white. 

0.20 

4.60 

0.86 

3.65!:. 0073 

.0870 

.61 

.0100 

.0001 

2328  May    1 

May    1 

Dlatlnct. 

Slight. 

0.10 

4.96 

1.20 

3.75    .0064 

.0262 

.46 

.0160 

.0004 

2U1  Jane  4 

Jane  4 

Decided. 

Mneh^'rthy 
and  floc*i. 

0.16 

4.75 

1.00 

8.75 

.0008 

.0304 
.0840 

.42 

.0120 

.0004 

2T4«  Jnly  10 

1 

Jaly  10 

Slight. 

Veryallght. 

0.10 

4.90 

1.50 

3.40 

.0068 

.0806 
.0854 

.60 

.0080 

.0001 

28«6'Ang.  2 

1 

Aug.  2 

1  DiaUnct. 

Veryallght. 

0.20 

4.80 

1.20 

1 
8.60 ' 

.0024 

.0266 
.0198 

.61 

.0020 

.0001 

30U 

Sept.  6 

Sept.  6 

,  SUght. 

1 

Slight. 

0.20 

4.70 

1.80 

1.0062 
8.50 1, 

.0206 
.0816 

.46 

.0060 

.0001 

^7 

Oct.    3 

Oct.     4 

i  Veryallght. 

Slight. 

0.15 

5.05 

1.80 

;.0088 
8.85  1 

.02^4 
.0888 

.46 

.0180 

.0007 

a*M  Xov.   2 

1 
1 

Nov.   3 

BUght. 

Veryallght. 

0.10 

5.15 

1.80 

;.0082 
8.1B5 

.0214 
.0810 

.47 

i 

.0200 

.0006 

3616 
3823 

Dec.   4 

18 

Jan.    8 

Dee.    6 
Jan.    4 

DlaUnot. 
Veryallght. 

Conaid'ble. 
Veryallght. 

0.20 
0.20 

4.85 

5.00 

1.85 
1.15 

{.0022 
8.60  1 

j.0002 

8.65'! 

.0108 
.0190 

.0246 
.0194 

.40' 

1 

.61 

1 

.0400 
.0260 

.0003 
.0008 

3075 

Feb.    6 

Feb.    6 

Veryallght. 

Veryallght. 

0.10 

8.55 

0.80 

8.75 

.0020 

.0138 
.0114 

.87 

.0020 

.0003 

4228 

Mar.    6 

Mar.   6 

Slight. 

Sli't,^arthy. 

0.10 

4.50 

1.85 

8.85 

.0028 

.0224 
.0166 

.61 

.0200 

.0008 

4464 

Apr.   3 

Apr.   3 

VeryaUght. 

Slight. 

0.20 

4.65 

1.85 

8.40 

.0060 

.0278 
.0194 

.46 

.0120 

.0008 

4615 

May    6  May    6 

Slight. 

Oon,,  floo't. 

0.15 

4.90 

1.45 

8.45 

.0082 

.0242 
.0180 

.49 
.40 

.0080 

.0006 

At. 

0.14 

6.04 

1.21 

8.83 

.0088 

.0241 

.0104 

.0008 

i! 

Hardnesa  in  May,  1888,  2.3.    Odor,  faintly  vegetable,  occaaionally  diaagreeable. The  aamplee 

were  eollecied  from  a  fanoet  in  the  village,  with  the  exception  of  Noa.  2746,  2866  and  8074,  which  were 
collected  from  the  atorage  reaervoir. 


Microscopical  Examination 

lS8ft. 

1889. 

Jane. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Bln».green  Algn, 

. 

6.0 

0.1 

pr. 

0.0 

0.1 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  OtherAIgs, . 

. 

44.4 

4.1 

0.3 

1.8 

pr. 

0.1 

0.4 

1.8 

4.0 

160.1 

11.8 

0.4 

«-5^ngl 

. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forma,     . 

•      • 

pr. 

02.0 

0.2 

1.6 

pr. 

pr. 

pr. 

pr. 

4.6 

0.2 

0.1 

0.1 

Oroapa  and  principal  genera  of  organiama  obaerved :    1.  Cyanophyoeae,  Chroococcu9,  8p?u»roteyga. 
2.  Palmellacen,  CMoroeoeau ;  2U>oapore»;  Deamidiaoen;  Dlatomaceas,  AtterUnullat  StephanodUcus,      T 
Synedra.  3.  Schlaomyoetea.  4.  Protoaoa,  ZHnoftryon ;  Sponglaria;  Nematoda;  Rotifera;  Entomoatraea.    .  l^V^ 
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[Dec. 


Chemical  ExamiiicUidn  of  Water  from  Winter  Pond  in  Winchester, 

[Parts  per  100,000.] 


Datb  of 

APPUKUtCI. 

Krsiduk  ojt 
Evaporation. 

'    AWWONIA. 

1 

s 
u 

KlTROOKK 
AS 

1 

s 

1 

1 

1 

i 

8 

H 

|5 

i 

U4 

1 
1 

l1 

III 

in 

885  1  Oct.   12 

87. 
Oct.  18 

1 

Slight. 

SU't,  white. 

«..| 

4.15 

1.35 

2.80 

.0000 

1 

.0291 

.45 

.0070 

- 

The  sample  was  collected  from  the  pond  at  the  surface  of  the  water  near  the  shore. 


Water  Supply  of  Winthrop. 
This  town  is  supplied  jointly  with  Revere  by  the  Revere  Water 
Company.     See  Revere^  p.  281. 


Water  Supply  of  Woburn. 
Description  of  Works.  — Population  in  1885, 11,750.  The  works 
are  owned  by  the  city.  Water  was  introduced  Sept.  1,  1873.  The 
average  daily  consumption  for  1888  was  769,600  gallons.  The  source 
of  supply  is  a  filter-gallery  on  the  southern  shore  of  Horn  Pond  in 
Woburn.  The  filter-gallery  is  about  130  feet  distant  from  the  shore 
of  the  pond ;  it  is  82  feet  long  and  12  feet  wide  inside,  and  is  cov- 
ered by  a  semicircular  brick  arch.  The  side  walls  are  9  feet  high, 
and  the  bottom  of  the  gallery  is  about  8  feet  below  high  water  in 
the  pond.  Pumps  force  the  water  from  the  gallery  to  the  main 
pipe  leading  to  the  town,  and  to  an  open  distributing  reservoir  on 
Horn  Pond  Mountain  near  the  pond.  The  shape  of  the  reser- 
voir is  irregular.  The  bottom  and  two  sides  are  of  ledge,  and  the 
remaining  two  sides  are  stone  walls.  Its  maximum  depth,  when 
full,  is  23  feet,  and  its  capacity  is  6,000,000  gallons.  Distributing 
mains  and  service  pipes  are  of  wrought  iron  lined  with  cement. 
Enamelled  iron  was  formerly  used  for  service  pipes.  There  have 
been  frequent  complaints  of  a  taste  and  odor  in  the  water  supplied 
to  consumers,  usually  during  the  summer  months,  at  times  when 
the  pumps  were  not  running  and  water  was  being  drawn  directly 
from  the  reservoir.  This  trouble  is  attributed  to  the  growth  of 
algaj  in  the  reservoir.     Horn  Pond  has  an  area  of  103  acres.    Its- 
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watershed,  of  4,760  acres,  contains  a  large  population  and  several 
tanneries  and  cuiTying  establishments.  The  pond  is  within  the 
drainage  area  of  Upper  Mystic  Lake,  and  consequently  furnishes  a 
portion  of  the  supply  of  the  Mystic  Works  of  Boston. 


Chemical  Examination  of  Water  from  the  Filter- Gallery  of  the  Wobiirn  Water 

Works, 

[Parts  per  100,000.] 


Datk  op 

Appkarakck. 

KK9IDCR  ON 
EVAPOItATIOM. 

Ammoxia. 

1 

i  yiTROGKN 

1             A8 

1 

1 

Exam- 
ination. 

Turbidity. 
Sediment. 

1 

^ 

4 

J- 

1, 

r 

.2 
II 

2 

1    s 

1      5 

18 

11«  Jane  15 

S7. 
June  17 

None. 

None. 

0.0 

11.30 

. 

. 

.0017 

.0020 

1.91 

1 

.0520 

. 

814  July  11 

July  13 

None. 

None. 

0.0. 

11.70 

- 

- 

.0012 

.0022 

2.29 

.0340 

- 

623   Aug.  11 

Aug.  12 

None. 

None. 

0.0 

12.00 

- 

- 

.0004 

.0026 

2.41 

.0330      - 

733   Sept.  12 

Sept.  12 

None. 

None. 

0.0 

12.15 

- 

- 

.0016 

.0052 

2.36 

.0130      - 

937 

Oct.  12 

Oct.  13 

.None. 

None. 

1 
0.0 

12.45 

- 

- 

.0011 

.0020 

2.52 

.0370      - 

1142 

Nov.  10 

Nov.  10  JNone. 

None. 

0.0 

12.10 

- 

- 

.0012 

.0020 

2.60 

.0230      - 

1391 

Dec.  13 

Dec.  14 

Very  Blight. 

None. 

0.0 

12.75 

- 

- 

.0023 

.0029 

2.69 

.0280 

- 

1«0 

IS 

Jan.  11 

M.          1- 
Jan.  12    None. 

None. 

0.0 

11.75 

« 

_     1 

.0017 

.0027, 

2.74 

1 
.0500 

.0001 

17M  Feb.    9 

Feb.    9'  None. 

None. 

0.0 

12.25 

- 

-     , 

.0032 

.0032 

2.61 

.0250  .0000 

1995 

Mar.  12 

Mar.  12. 

Veryallght. 

None. 

0.0 

1 

11.80 

- 

- 

.0000 

.0048  I2.57 

.0450  .0000 

2190 

Apr.  11 

Apr.  11 1  Distinct. 

None. 

0.0 

11.55 

-' 

- 

.0010 

.0028,  j 2. 43 

.0450 '.0001 

2388 

May    9 

May    9'  VeryeUght. 

None. 

0.0 

11.65 

- 

- 

.0002 

.0048 

2.41 

.0300  .0001 

2665 

June 21 

June  22,  None. 
July  11  '  None. 

None. 

0.0 

1 

12.00 

- 

-     ■ 

.0010 

.0028! 

2.32 

.0350 

.0000 

2783   July  10 

None. 

0.0 

12.00 

- 

*     ( 

.0014 

.0028    2.89 

.0380 

.0000 

2»24  Aug.  13 '  Aug.  14  :  Very  alight. 

None. 

0.0 

12.70 

- 

- 

.0010 

.0030  '2.51 

.0120  .0001 

8184  Sept.  11  Sept.  12    None. 

None. 

O'O 

12.55 

- 

- 

.0016 

.0080 

2.49 

.0300  .0000 

8388   Oct.  10 

Oct.  10  ;None. 

None. 

0.0 

12.30 

- 

- 

.0016 

.0018 

2.62 

.0350  .0000 

8547 

Nov.  14 

Nov.  15 

None. 

None. 

1 
0.0 

12.10 

- 

- 

.0020 

.OOU 

2.50 

.0400  .0000 

8890 

Dec.  10 

Dec.  11 

Veryallght. 

None. 

0.0 

11.40 

- 

- 

.0000 

.0030 

2.41 

.0300 1. 0001 

8837 

18 

Jan.    9 

99. 

Jan.  10 

None. 

None. 

0.0 

11.45 

- 

- 

.0012 

.0024' 

2.19 

.0550 

.0000 

400T 

Fbb.  11 

Feb.  12 

None. 

None. 

0.0 

10.66 

- 

- 

.0006 

.0010, |2.W 

.0550 

.0000 

4274 

Mar.  11 

Mar.  12 

None. 

None. 

0.0 

10.T5 

- 

- 

.0002 

.0022 

2.12 

.0300 

1 

.0001 

4480 

Apr.  8 

Apr.  10 

Veryallght. 

None. 

0.0 

10.65 

- 

- 

.0000 

.0040 

2.05 

.0400 

.0001 

4«6  May    7 

May    8 

None. 

None. 

0.0 

10.70 

- 

- 

.0002 

.0022 

2.11 

.0450 
.0358 

.0000 

Ar. 

0.0 

11.78 

- 

.0011 

.0029  12.39 

.0000 

" 

1 

Harrlnem  In  May.  1888,  5.3.    Odor,  none,  mrely  vcgetnhlo. The  aamplea  were  collected  from  a 

ikacet  at  the  pumping  station  while  pumping;,  or  from  the  pump  well. 
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Microscopical  Examination, 


[Dec. 


1888. 

188». 

May. 

June. 

Jnly. 

Aug. 

Sept 

OcL 

Not. 

Doc 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-green  Algn, 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algte, .... 

pr. 

0.0 

0.0 

0.8 

pr. 

0.0 

0.1 

0,1 

0.0 

0.0 

0.0 

0.1 

pr. 

Z.  Fangl, 

0.0 

0.0 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,     . 

pr. 

0.0 

0.0 

0.1 

0.0 

pr. 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

Groups  and  principal  genera  of  organisms  obserred:    1.  CyanophyoesB.    2.  Zoospores;  Diatom- 
3.  Schizomycetes.    4.  Protozoa. 


Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Wobum 

Water  Works, 

[Parts  per  100,000.] 


DATS  OF 


sr 


APPaABAVOB. 


RbSIDUB  OH 
KVAPOBATIOH. 


AXMOiriA. 


9-S 


NiTBOGBV 


117 

622 
784 
088 
1143 
1302 

1570 
1783 

1094 
2190 
2380 
26M 

2754 

2925 

3156 

3837 

3548 

SOOl 


18 

Jane  15 


Aug.  10 
Sept.  12 
Oct.  12 
Nov.  10 
Dec.  13 

18 

Jan.  11 

Feb.    8 

Mar.  12 
Apr.  12 
May  9 
June  21 

July  10 

Aug.  13 

Sept.  11 

Oct.  10 

Nov.  14 

Dec.  10 


87. 

June  17 


Aug.  12 
Sept.  12 
Oct.  18 
Nov.  10 
Dec.  14 

88. 

Jan.  12 

Feb.    9 

Mar.  12 
Apr.  12 
May  0 
June  22 

July  11 

Aug.  14 

Sept.  12 

Oct.  10 

Nov.  15 

Dec.  11 


Very  slight, 
milky. 

None. 

Slight. 

Very  slight. 

Very  slight. 

Very  slight. 

Very  slight. 
Veryslight. 

Veryslight. 
Distinct. 
Distinct. 
None. 

None. 

Slight. 

Veryslight. 

Veryslight. 

Slight. 

Veryslight. 


None. 

None. 

Verysligfit. 

Veryslight. 

Slight. 

Veryslight. 

Veryslight. 

Veryslight, 
white. 

SUght. 

VerysUght. 

None. 

None. 

None. 

None. 

VerysUght. 

Veryslight. 

Veryslight. 

Slight. 


0.05 

0.00 
0.00 
0.00 
0.00 
0.05 

0.00 
0.00 

0.10 
0.05 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 


11.92 

10.65 
10.90 
12.06 
18.10 
12.75 

12.40 
11.90 

12.15 
11.90 
12.10 

11.46 

12.15 

11.70 
10.95 

11.65 
11.75 
10.95 


0090 

,0042 
0006 
0010 
0001 
0004 

0000 
0000 

0000 
0000 
0002 
0018 

0076 

0024 

0024 

0000 

0000 

0002 


.0165 

.0091 
.0109 
.0108 
.0056 
.0076 

.0054 
.0054 

.0080 

.0060 

.0118 

.0104 
.0098 

.0076 

0070 
0066 

.0182 


.0098 
.0028 


.0050 
.0026 


2.16 

2.15 
2.18 
2.29 
2.57 
2.61 

2.80 
2.66 

2.66 
2.44 
2.37 
2.82 

2.89 

2.34 

2.23 

2.50 

2.50 

2.38 


.0180 

.0200 
0070 
0180 

.0250 
0250 


.0400 
.0350 

.0860 
.0400 


.0250 


.0200 


.0350 
.0080 
.0060 
.0800 


.0250 


.0880 


.0001 
.0001 

.0002 
.0003 
.0005 
.0007 

.0002 

.0004 

.0001 
.0001 
.0001 
.0003 
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Chemieal  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Wobum 
Water  Works — Concluded. 


Datb  of 

APPXAmAXCB. 

RsaiDUB  ON 
EVAPOKATIOX. 

Ammokia. 

e 

NiTROOBH 
AB 

1 

1 

|i 

1 

1 

1 

1 

i 

1 

1 

3^ 

1 

S 

8838 

18 

Jan.    9 

Jan.  10 

DUtinct. 

Veryallght. 

0.00 

10.75 

- 

- 

.0002 

.0080 
.0086 

1 

2.13 

.0500 

.0003 

4Q08 

Feb.  11 

Feb.  12  ,  Slight. 

Slight. 

0.00 

10.3» 

- 

- 

.0000 

.0074 
.0028 

,2.10 

.0600 

.0008 

4275 

Mar.  U 

Mar.  12 

1 
Very  alight. 

VeryaUght. 

0.00 

11.45 
10.85 

- 

- 

1 
.0002 

.0068 
.0016 

1 
|2.10 

.0400 

.0004 

4481 

Apr.   8 

Apr.  ID 

Very  alight. 

Vary  alight. 

0.00 

10.95 

- 

- 

.0000 

.0086 
.0038 

2.10 

1 

.0350 

.0005 

4A27 

May    7 

May    8 

Veryallght. 

None. 

0.00 

10.80 

- 

- 

.0008 

.0084 
.0068 

12.08 

.0250 

.0010 

At. 

r 

0.01 

11.73 

- 

- 

.0014 

.0086 

2.35 

1 

.0278 

.0003 

i! 

HardoecB  in  May,  1S88,  5.3.    Odor,  generally  none,  occaaionally  diaagreeable. The  aamplea 

were  collected  from  the  diatrlbuting  reaervoir  at  the  surface.  The  reaervoir  waa  emptied  and  cleaned 
Jnly  11, 1887,  and  expoaed  to  the  aan  and  air  for  one  week  before  It  was  refilled.  On  the  5th  and  0th  of 
July,  1886,  the  reaervoir  Waa  again  drawn  off  and  cleaned.    It  waa  again  drawn  off  on  Sept.  14, 1888. 

Microscopical  ExamincUion, 


18M. 

1889. 

Jane.  Joly. 

Aag.jsept. 

Oct. 

Nov. 

Dec 

Jan. 

Feb.  Mar. 

Apr. 

May. 

1.  Blne-green  Algaa,  .... 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algas, 

pr. 

10.9 

1.5 

0.3 

75.2 

35.0   25.1 

23.0 

4.8 

7.0 

6.0 

0.6 

3.  Fungi, 

0.0 

0.2 

pr. 

pr. 

0.0 

0.0     0.0 

0.0 

0.0     0.5 

6.0 

0.0 

4.  Animal  Forma,       .... 

0.0 

1.0 

pr. 

pr. 

T.2 

4.0     8.0 

30.0 

4.2     0.0 

0.3 

0.8 

Groapa  and  principal  genera  of  organisma  obaerved :  2.  Palmellacefle;  Zooaporeao,  Scenede»mus; 
Diatomacen,  Atterionellat  Synedra  ;  Zygnemace«.  8.  Schizomycetea,  Spirillum,  4.  Protozoa,  Peri- 
dimiumt  TracAelomonas  ;  Entomostraca. 

ChemiccU  Examinaiion  of  Water  from  Horn  Pond  in  Wobum. 

[Parts  per  100,000.] 


Datb  or 

APrBASAMCB. 

Rbsidub  on 
Evaporation. 

Ammonia. 

i 

-c 

NiTBOGBS 
AS 

s 

c 

% 
I 

i' 

1 

1 

1 

H 

l>« 

i 

il 

1 

9, 

118  Jane  15 
818  Joly  11 

8T 
Jonel7 

Jnly  18 

Decided. 
Decided. 

Con.,whlte. 
Con.,brown. 

0.50 
0.40 

10.10 
12.74 

2.15 
2.17 

7.95    .0066 

10.67    .0042 

1 

.0415 
.0803 

2.50 
2.94 

.0350 
.0030 

« 
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Chemical  Examination  of  Water  from  Horn  Pond  in  Wobum — Condaded. 


Datb  op 

Appbabakcx. 

BxsroiTE  oir 
Evaporation. 

AmfoiHA. 

i 

1 

6 

NITROOSK 
AS 

^ 

1 

|l 

f 

«i 

1 

1 

i 

1 

1 

il 

1 

2 

621 

18 

Aug.  11 

87. 
Aug.  12 

Decided. 

Conrfd»ble, 

0.70 

,  13.70 

8.25 

10.45 

.0010 

.0643 

13.63 

.0000 

_ 

732 

Sept.  12 

Sept.  12 

Slight. 

Slight. 

0.45 

'  14.40 

1.70 

12.70 

.0086 

.0445 

1 
3.76 

.0130 

- 

030 

Oct.  12 

Oct.  13 

Slight. 

Consld'ble. 

0.40 

j 14.50 

1.65 

12.85 

.0081 

.0455 

4.02 

.0280 

- 

1141 

Nov.  10 

Nov.  10 

Slight. 

Con.twhlte. 

0.35 

16.80 

1 

2.40 

12.90 

.0484 

.0375 

4.58 

.0300 

- 

1390 

Dec,  13 

Deo.  14 

Dlatlnct. 

Con.,white. 

0.30 

' 16.80 

2.00 

13.80 

.0322 

.0224 

I4.73 

.0500 

- 

1678 

IS 

Jan.  11 

88. 

Jan.  12 

Diatlnot. 

SUght.  . 

0.40 

11.00 

I.IO 

9.90 

.0821 

.0323 

'- 

.0750 

.0008 

1782 

Feb.    9 

Feb.    9 

Slight. 

SIl*t»  white. 

0.80 

14.15 

2.40 

11.75 

.0377 

.0406 

4.10 

.0800 '.OOSO 

1993 

Mar.  12 

Mar.  12 

SUght. 

Slight. 

0.40 

'18.00 

2.50 

10.60 

.0365 

.0804 

3.32 

.0800  .0020 

2189 

Apr.  11 

Apr.  11 

Decided. 

Slight. 

0.50 

,10.65 

1.60 

9.05 

.0445 

.0279 

|2.61 

.04001.0080 

2387 

May    9 

May    9 

Decided. 

Sli't,  green. 

0.35 

10.05 

2.05 

8.00 

.0084 

.0872 

12.28 

.0450. .0020 

1 

2fl68 

June  21 

June  23 

Decided. 

ConBid*ble. 

0.35 

'  9.85 

1.45 

8.40 

.0002 

.0608 
.0290 

2.34 

.0120 

.0016 

2752 

July  10 

July  11 

Diatinct. 

Slight. 

0.25 

I9.9O 

1.50 

8.40 

.0826 

.0446 
.0824 

'2.74 

.0070 

.0007 

2923 

Aug.  13 

Aug.  14 

DUtinct. 

Con.ygroen. 

0.10 

1 
12.10 

1.40 

10.70 

1.0012 

t 

.0870 
.0240 

8.52 

1 

.0030 

.0000 

8163 

Sept.  11 

Sept.  12 

Dlitinct. 

Consid'ble. 

0.20 

12.50 

1.85 

11.15 

'.0062 

.0400 
.0244 

'3.82 

1 

.0050 

.0003 

8386 

Oct.  10 

Oct.  10 

Diatinct. 

Oon.,green. 

0.20 

11.90 

1.75 

10.15 

.0114 

.0372 
.0224 

3.30 

i 

.0300 

.0013 

8546 

Nov.  14 

Nov.  16 

Slight. 

Con.,green. 

0.60 

11.50 

1.70 

9.80 

.0164 

.0306 
.0250 

'2.99 

.0600 

.0016 

3689 
8836 

Deo.  10 

18 

Jan.    9 

Dec.  11 

89 

Jan.  10 

DUtinot. 
Diatinct. 

Slight. 
Slight. 

0.30 
0.80 

8.80 
8.10 

1.75 
2.10 

7.05 
8.00 

.0132 
.0166 

.0226 
.0194 

.0204 
.0154 

1.88 

1.41 

1 

'.0500 
.1000 

.0012 
.0011 

4006 

Feb.  11 

Feb.  12 

DieUnct. 

Con.,  light. 

0.20 

7.70 

1.45 

6.25 

.0068 

.0288 
.0188 

1.39 

.1000 

.0012 

4273 

Mar.  11 

Mar.  12 

Distinct. 

Con.,  light 
green. 

0.30 

8.75 

2.45 

6.80 

.0052 

.0266 
.0140 

1.73 

.1000 

.0026 

4479 

Apr.    8 

Apr.  10 

Decided. 

Heavy, 
green. 

0.10 

8.55 

1.85 

6.70 

.0040 

.0808 
.0158 

1.85 

.0900 

.0024 

4625 

May    7 

May    8 

Diatinct. 

Con,,  light 
colored. 

0.20, 

8.75 

2.30 
2.08 

8.45 

.0036 

.03U 
.0222 

,1.90 

I2.93 

1 

1.0600 

.0452 

1 

.0017 

Air 



0.34 

12.95 

10.87 

.0152 

1 

.0380 

.0016 

Hardness  in  July.  1887. 5.6;  in  May,  1888,  8.1.    Odor,  vegetable  and  grassy,  frequently  mouldy. 

The  samples  were  collected  from  the  pond  near  the  pumping  station  of  the  Wobum  Water  Works, 
about  200  feet  from  shore  and  from  1  to  4  feet  beneath  the  surface ;  excepting  Nos.  1390.  1678.  21^ 
2387,  8689.  8836,  4006, 4278,  4479  and  4626,  which  were  coUected  about  20  feet  from  shore. 


Digitized  by 


Google 


1889.] 


WATER  SUPPLY  AND  SEWERAGE. 


371 


Microscopical  Examination. 


1888. 

188». 

June. 

July. 

Aug. 

^ 

Oct. 

Nov. 

Deo. 

Jan.  1  Feb. 

Uar. 

Apr.   j^Iay. 

1.  Blue-green  Algae,  . 

pr. 

pr. 

0.4 

0.2 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

2.  OtherAlgie,  .... 

6.2 

35.S 

85.4 

38.4 

29.7 

39.7 

1.9 

9.1 

70.6 

1860.7 

6615.6 

386.8 

3.FuDg!. 

0.0 

0.0 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms, 

pr. 

pr. 

0.4 

4.0 

8.0 

8.0 

1.2 

7.0 

0.3 

6.0 

pr. 

1.6 

Group*  and  principal  genera  of  organiama  obseryed :  1.  CyanophycesB.  2.  PalmeUacen,  Chloro- 
coccus;  Zooeporeie,  Scenedetmut ;  DeemldiaoesB,  Ck)9marium  ;  DiAtx>macem,  AgUrioneUOf  Fragillariat 
Mehtira,  SUphanodUcutt  SynedrOt  Tabellaria;  Volvoolne».  3.  Schlzomyoetee.  4.  Protozoa,  Trachcl- 
omona*;  Rotlfera;  Entomoatraca.  Nearly  all  of  the  very  large  number  of  organiama  found  in  March 
and  April,  1880,  were  of  the  genua  AateHonella. 


Table  showing  Heights  of  Water  in  Horn  Pond  at  Times  when  Samples  of  Water 
were  collected  for  Analysis, 

KoTS :   Heights  are  in  feet  above  the  bottom  of  the  pump  well  at  the<pu raping  station. 


DATE. 


1887. 

NoremberlO, 8.40 

December  13 8.50 


1888. 


January  11, 
February  9, 
March  12,  . 
AprUll,  . 
May  9,  . 
June  21,  . 
July  10,  . 
August  13, 


DATE. 


Height  of 
Water. 


1888. 

September  11,    .       .    '  ,               .  8.19 

October  10, 8.72 


November  14, 
December  10, 


January  9, . 
February  11, 
March  11,  . 
April  8,  . 
May  7.        . 


8.71 
9.08 


8.85 
8.56 
8.65 

8.58 
8.50 


Water  Supply  of  Worcester. 
Description  of  TTori*.— Population  in  1885,  68,389.  The 
works  are  owned  by  the  city.  Water  was  introduced  in  1845.  The 
estimated  average  daily  consumption  in  1888  was  4,634,925  gallons. 
The  present  sources  of  supply  are  Lynde  Brook  in  Leicester  and 
Tatnuck  Brook  in  Holden.  On  each  of  these  brooks  a  storage 
reservoir  is  built. 
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Lynde  Brook  storage  reservoir  was  built  in  1864.  The  dam  was 
raised  in  1870  and  1871,  and  was  carried  away  in  March,  1876.  The 
present  dam  was  then  constructed.  The  area  of  the  reservoir  is 
143  acres,  and  its  capacity  is  681,000,000  gallons.  Portions  of  the 
bottom  are  muddy.  The  maximum  depth  of  the  reservoir  is  37.4 
feet,  and  its  average  depth  14.6  feet.  The  shores  are  generallj''' 
steep.  Water  flows  by  gravity  from  the  storage  reservoir  to  the 
Hunt  distributing  reservoir,  located  within  the  city  limits.  This 
reservoir  is  rectangular  in  shape,  and  its  capacity  is  about  3,000,000 
gallons.  The  bottom  and  slopes  are  paved.  Water  entering  the 
reservoir  is  aerated  by  being  discharged  from  a  vertical  pipe  having 
its  top  12  feet  above  the  water  in  the  resei'voir. 

Tatnuck  Brook  storage  reservoir  was  built  in  1883.  The  area  of 
the  reservoir  is  94.5  acres,  and  its  capacity  is  450,000,000  gallons. 
Portions  of  the  bottom  are  muddy.  Its  average  depth  is  14.6  feet. 
The  shores  of  this  reservoir  are  abrupt,  with  the  exception  of  a 
small  portion  at  the  upper  end.  Water  flows  from  the  storage  to  a 
distributing  reservoir,  also  situated  on  Tatnuck  Brook,  about  one 
mile  further  down  stream  and  80  feet  lower  than  the  storage  reser- 
voir. The  distributing  reservoir  is  irregular  in  shape,  and  its 
capacity  is  about  2,500,000  gallons.  The  slopes  and  bottona  are 
paved. 

The  area  of  the  watershed  of  Leicester  storage  reservoir  is 
1,870  acres  ;  that  of  Ilolden  storage  reservoir  is  2,915  acres.  These 
areas  are  of  the  same  general  character.  The  country  in  the  region 
of  the  reservoirs  is  very  hilly,  and  about  one-half  of  each  area  is 
covered  with  wood,  the  remainder  being  devoted  to  pasturage  and 
cultivation.  The  soil  is  generally  of  clay  or  rock.  There  is  a  small 
agricultural  population  on  each  area. 

Bell  Pond,  in  the  eastern  part  of  the  city,  is  used  as  a  distribut- 
ing reservoir,  and  is  generally  filled  from  the  Leicester  supply, 
though  it  has  a  small  watershed  which  supplies  a  portion  of  the 
water  used  from  it.  Water  is  distributed  by  gravity.  The  original 
distributing  mains  were  of  wrought  iron  lined  with  cement.  Cast 
iron  has  been  used  for  many  years,  and  at  present  about  three-fifths 
of  the  distributing  mains  are  of  cast  iron.  Service  pipes  are  gener- 
ally of  wrought  iron  lined  with  cement. 


Digitized  by  LjOOQIC 


1889.] 


WATER  SUPPLY  AND  SEWERAGE. 


373 


Leicester  Supply. — Chemical  Examinalion  of  Water  from  the  Lynde  Brook 

Storage  Beservoir. 

[Put*  per  100,000.] 


Datb  ov 

Appsasahcb. 

RsaiDUi  OK 

EVAPOBATIOV. 

AVMOVIA. 

1 

NiTROOKV 
AS 

s 

1 

1^ 

f 

1 

1 

1 

si 

1 

1 

^ 

s 

S 

146 

18 

Jane  20 

87. 

June  21 

Slight. 

None. 

0.05 

2.02 

0.87 

2.05 

.0001 

.0131 

.14 

.0000 

^ 

829 

Aag.25 

Aug.  27 

Very  Blight. 

VeryaUght. 

0.40 

8.20 

1.80 

1.90 

.0086 

.0180 

.11 

.0030 

- 

796 

Sept.  15 

Sept.  16 

Decided. 

VeryaUght. 

0.16 

2.90 

0.55 

2.85 

.0014 

.0184 

.14 

.(yso 

- 

988 

Oct.  19 

Oct.  20 

Slight. 

8irt,brown. 

0.35 

8.25 

0.75 

2.60 

.009f 

.0224 

.15 

.0070 

- 

1216 

Nov.  17 

Nov.  18 

Dlatlnct. 

SU»t,earthy 
and  floo't. 

0.50 

8.80 

1.20 

2.10 

.0112 

.0288 

.16 

.0060 

- 

1456  Dec.  20 

Dec.  22 

SUght. 

SUght. 

0.85 

8.35 

1.00 

2.85 

.0088 

.0195 

.17 

.0070 

.0000 

18 

1028  Jan.  18 

88. 
Jan.  20 

Very  alight. 

VorysUght. 

0.80 

8.05 

0.85 

2.20 

.0078 

.0096 

.11 

.0040 

. 

isao 

Feb.  13 

Feb.  15 

SUght. 

Sin,  white. 

0.30 

8.00 

1.10 

1.90 

.0070 

.0165 

.16 

.0100 

.0000 

»77 

Mar.ao 

Mar.  22 

SUght. 

VeryaUght. 

0.30 

8.15 

1.10 

2.05 

.0061 

.0120 

.15 

.0100 

.0001 

2192 'Apr.  10 

Apr.  12 

SUght. 

VeryaUght. 

0.20 

2.50 

0.70 

1.80 

.0014 

.0153 

.15 

.0100 

- 

883 

May    8 

tfay    9 

SUght. 

None. 

0.15 

2.20 

0.60 

1.60 

.0002 

.0108. 

.14 

.0080 

.0000 

2619 

Jane  21 

June  22 

VeryaHght. 

Sli't,  white. 

0.20 

2.30 

0.85 

1.45 

.0016 

.0188 
.0182 

.14 

.0050 

.0001 

27S9 

July  11 

July  12 

VeryaUght. 

SU*t,  white. 

0.20 

2.35 

0.85 

1.50 

.0008 

.0148 

.14 

.0030 

.0001 

2927   AQg.lS 

Aug.  14 

SUght. 

SU't,browii. 

0.15 

2145 

0.80 

1.65 

.0008 

.0152 
.0128 

.17 

.0050 

.0001 

3151 

Sept.  10 

Sept.  12 

VeryaUght. 

SUght. 

0.20 

2.50 

0.90 

1.60 

.0018 

.0174 
.0160 

.14 

.0060 

.0002 

8833 

Oct.    0 

Oct.  10 

Slight. 

SU't,  green. 

0.20 

2.40 

0.90 

1.50 

.0094 

.0174 
.0150 

.12 

.0040 

.0003 

3534 

Nov.  12 

Nov.  14 

Distinct. 

Slight. 

0.40 

2.76 

0.85 

1.90 

.0054 

.0162 
.0144 

.14 

.0060 

.0002 

3603 
3849 

Dee.  10 

18 

Jan.  14 

Dec  11 

89. 

Jan.  16 

SUght. 
Distinct. 

VeryaUght. 

Coarge,dark 
brown. 

0.25 
0.30 

8.00 
2.65 

0.70 
0.45 

2.80 

! 

2.20* 

.0040 
.0088 

.0180 
.0168 

.0176 
.0134 

.17 
.15 

.0080 
.0070 

.0003 
.0005 

4oa 

Feb.  10 

Feb.  20 

VeryaUght. 

SUght. 

0.15 

2.65 

0.55 

1 

.0036 

.0098 
.0090 

.14 

.0060 

.0002 

4835 

Mar.  18 

Mar.  10 

VeryaUght. 

VeryaUght. 

0.25 

2.65 

0.75 

1 

1 

1.90 

.0030 

.0162  1 
.0138 

.13 

.0120 

.0001 

4515 

Apr.  15 

Apr.  16 

Distinct. 

SU%  white. 

0.30 

2.40 

0.70 

1.70 

.0008 

.0178 
.0152^ 

.14 

.0080 

.0001 

4669 

Stay  14 

May  16 

Very  slight. 

SUght. 

0.20 

2.35 

0.55 

1.60 

.0030 

.0142 
.0128, 

.13 

.0060 

.0001 

At. 

0.25 

1 

2.98  fi-Al 

«.07| 

.0040 

.0162 

.14 

.0062 

.0001 

Hardness  in  May,  1888,  0.5.    Odor,  faintly  vegetable  and  grassy,  sometimes  none. The  samples 

were  coUeeted  from  the  reservoir  one  foot  beneath  the  surface,  with  the  exception  of  Nos.  8534,  8693  and 
3849,  which  were  coUeeted  at  the  foot  of  the  overflow  below  the  dam. 
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Microscopical  ExamittcUion. 


1888.                              1 

1889. 

June. 

July. 

*«.. 

Sept 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

M«r. 

Apr-  May. 

1 

1.  Rlue-green  Algae,    .        .        .        . 

0.2 

pr. 

0.2 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2   Other  Alg», 

0.8 

0.5 

0.6 

4.8 

0.6 

0.5 

1.6 

pr. 

pr. 

0.1 

pr. 

pr. 

8.  Fungi 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forau,       .... 

0.0 

0.8 

pr. 

0.0 

7.7 

0.1 

pr. 

pr. 

pr. 

1.2 

1.2 

pr. 

Groups  and  principal  genera  of  organisms  observed :  1.  CyanophycesD.  2.  Palmellacete,  Chloro- 
coccus;  Zoosporese,  Tet^tpora ;  Desmidiaceso ;  DlatomacesB,  Asterionella.  4.  Prolozoa,  Dinobtyon; 
KoUfera;  Sntomoatraca.  * 


Leicester  Supply.  —  C%emicaZ  Examination  of  Water  from  the  Hunt  Distrib- 
uting Reservoir^  Worcester. 

[Parts  per  100,000.] 


Date  of 

ArPBARAKCB. 

Rbsidur  ov 
evapobatiok. 

AVMOHIA. 

e 

NITSOGIM 
AS 

1 

1 

^ 

f 

j 

1 

1 

i 

1 

$ 

1 

1     ^^ 

^ 

146 

18 

June  20 

87. 

June  21 

Very  slight. 

None. 

0.06 

2.62 

0.86 

1.77 

.0000 

.0116 

.15 

.0180 

. 

630 

Aug.  25 

Aug.  27 

Very  slight. 

None. 

0.40 

2.92 

1.42 

1.60 

.0019 

.0164 

.10 

.0070 

- 

796 

Sept.  16 

Sept.  16 

Very  slight. 

Veryslight. 

0.10 

2.90 

0.80 

2.10 

.0014 

.0182 

.20 

.0030 

- 

089 

Oct.  19 

Oct.  20 ; 

Distinct. 

Slight. 

0.40 

2.96 

0.75 

2.20 

.0064 

.0200 

.14 

.0080 

- 

1217 

Nov.  17 

Nov.  18  1 

1 

Slight. 

SUght. 

0.60 

3.10 

1.10 

2.00 

.0096 

.0226 

.15 

.0060 

- 

1467 

Dec.  20 

Dec.  22 

SUght. 

Veryslight. 

0.20 

3.05 

1.00 

2.05 

.0078 

.0186 

.16 

.0080 

.0000 

1629 

18 

Jan.  18 

88. 
Jan.  20 

Veryslight. 

Veryslight. 

0.26 

2.90 

0.85 

2.06 

.0064 

.0180 

.00 

1 
.0090      - 

1821 

Feb.  13 

Feb.  16 

Veryslight. 

Slit,  earthy' 0.80 
and  floc't. 

8.10 

1.10 

2.00 

.0065 

.0135 

.18 

.0150 '.OOOO 

1 

2078 

Mar.  20 

Mar.  22 

Distinct, 
milky. 

Veryslight. 

0.20 

2.95 

1.00 

1.95 

.0041 

.0179 

.17 

.0070  .0001 

2193 

Apr.  10 

Apr.  12 

Slight. 

Slight. 

0.20 

2.60 

0.60 

2.00 

.0046 

.0148 

.17 

.0100  .0002 

2384 

May    8 

May    9  'slight. 

Veryslight."  0.20 

2.55 
2.88 

0.80 
0.93 

1.75 

.0014 

.0120 

.13 

.0010  .0001 

Av. 

II 

0.25 

1.95 

.0046 

.0161 

.15 

1 

.0079  .0001 

Hardness  in  May»  188S,  0.6.     Odor,  faintly  vegetable. The  samples  were  eollotcted  fronf  the 

reservoir  near  the  gate  house  at  about  one  foot  beneath  the  surface. 
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Microscopical  Examination. 


ISSS. 


March.        April. 


May. 


1.  Blue-green  AIg», 

2.  Other  Algn, 

3.  Fnngl,  . 

4.  Anhnal  Forxna,    . 


0.0 
pr. 
0.0 


0.0 
pr. 
0.0 
pr. 


pr. 
pr. 
0.0 
pr. 


GroQpa  and  principal  genera  of  organlems  oboeryed :    1.  CyanophyoeaB.    2.  PalmellaceaB ;  Zoo- 
iporee;  Desmidlaeas;  Dlatomaceae.    4.  Protozoa. 


HoLDEN  SjJTFhr.-^  Chemical  Examination  of  Water  from  Tatnuck  Brook  Storage 

Reservoir, 

[Parte  per  100,000.] 


Datb  ov 

Evaporation. 

Ammokia. 

j 

KITROOBN 
AS 

A 

I 

|1 

f 

1 

J 

i 

§1 

1 

1 

|a 

1 

S 

144  June  20 

87. 

June 21 

Slight. 

None. 

0.05 

... 

1.07 

1.20 

.0002 

.0148 

.14 

_ 

_ 

•27 

Aug.  25 

Aug.  27 

Distinct. 

SU'tibrown. 

0.00 

8.07 

1.62 

1.45 

.0019 

.0220 

.08 

.0030 

- 

794 

Sept.  15 

Sept.  16 

Decided. 

Sirt,earthy. 

0.20 

2.50 

0.90 

1.60 

.0000 

.0188 

.15 

.0000 

-     ■ 

090 

Oct.  10 

Oct.  20 

Decided. 

Con.,brown. 

0.40 

2.65 

0.75 

1.90 

.0000 

.0236 

.13 

.0080 

- 

1218  Not.  17 

Nov.  18 

Dbtinet. 

Con.,e'rthy 
and  floc't. 

0.30 

2.60 

0.95 

1.65 

.0012 

.0218 

.15 

.0000 

- 

1458   Dec.  20 

Dee.  22 

Diatinet. 

Sl%  earthy. 

0.20 

2.65 

0.75 

1.90 

.0006 

.0170 

.16 

.0020 

.0000 

1          18 

1830   Jan.  18 

1 

88. 
Jan.  20 

Very  slight. 

None. 

0.10 

2.20 

0.70 

1.50 

.0005 

.0100 

.08 

.0030 

- 

1822 

Feb.  13 

Feb.  15 

Very  alight. 

^•wTirr*' 

0.20 

2.50 

0.75 

1.75 

.0046 

.0120 

.16 

.0100 

.0000 

2079 

Mar.  20 

Mar.  S3 

VerysUght. 

None. 

0.20 

2.25 

0.60 

1.65 

.0053 

.0077 

.13 

.0060 

.0000 

2191 

Apr.  10 

Apr.  12 

•Slight. 

VerysUght. 

0.20 

1.76 

0.50 

1.25 

.0003 

.0095 

.11 

.0040 

.0001 

2885 

May    8 

May    0 

Distinct. 

BUgbt. 

0.15 

2.25 

0.90 

1.85 

.0010 

.0198 

.11 

.0000 

.0001 

2648 

June  21 

June  22  ;  Slight. 

July  12    Difltlnet. 

1 

SU't;  white. 

0.10 

1.80 

0.80 

1.00 

.0002 

.0202 
.0142 

.10 

.0050 

.0000 

2758 

July  11 

Con.»white. 

0.20 

8.30 

0.75 

2.55 

.0004 

.0180 
.0158 

.10 

.0020 

.0001 

2018 

Aug.  13 

Aug.  14    Distinct. 

8U*t,brown. 

0.15 

1.90 

0.75 

1.15 

.0004 

.0164 
1.0112 

.14 

.0030 

.0000 

3152 

Sept.  10 

Sept.  12,  SUght. 

1 

Consid'ble. 

0.20 

2.10 

'■" 

1.85 

.0012  .0226 
.0172 

.11 

.0070 

.0001 
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HOLDEN  Supply. —  Chemical  Examination  of  Water  from  Tainuck  Brook  Storage 

Reservoir —  Concluded. 


8583 
8694 
8848 
4046 
4884 
4516 
4670 


Datk  or 


IS 

Oct.    9 


Nov.  12 


Dee.  10 


Jan.  14 


Feb.  19 
Mar.  18 
Apr.  16 
May  14 


Oct.  10 


Nov.  14 


Dec.  11 


8». 

Jan.  16 


Feb.  20 
Mar.  19 
Apr.  16 
May  16 


APPSAJtAVCB. 


Distinct. 
Slight. 
Slight. 
Slight. 
Very  Blight, 
Very  Blight. 
Slight. 
Slight. 


SU't,  green. 
81i%e'rthy. 
Con«id*ble. 
Slight. 
Very  Blight. 
Very  slight. 
Slight. 
Consid'ble. 


0.10 
0.30 
0.10 
0.15 
0.20 
0.20 
0.05 
0.10 


0.10 


Rbbiouk  on 
evapokation. 


2.10 

2.25 
2.80 
1.85 
2.25 
2.10 
1.90 
2.10 
2.43 


l^ 


0.95 
0.80 
0.80 
0.50 
0.65 
0.60 
0.50 
0.60 
0.86 


1.15 
1.46 
1.50 
1.85 
1.80 
1.50 
1.40 
1.50 


1.57 


Ammonia. 


,0000 


.0000 


.0000 


.0000 


0009 


.0184 

.0174 
.0120 

.0114 
.0076 

.0090 
.0066 

.0056 


.0106 
.0088 

.0112 
.0092 


.10 1 

.141 

.«! 

.12  1 
.151 
.10 
.00 
.11 


.12 


0080 
0050 
0030 
0050 
0050 
0090 
,0030 
,0030 


,0038 


0002 
OOOS 
.0004 
.0002 
.0001 
.0001 
.0001 
0001 

0001 


HardoeBS  in  May»  1888,  0.3.    Odor,  faintly  vegetable,  rarely  mouldy  and  disagreeable. Samples 

144,  990,  1218,  1822,  2079  and  2191  were  collected  from  the  SO-inch  pipe  where  it  discharges  into  the 
brook  below  the  reservoir.  Nob.  2385, 2648,  2758,  2926,  8152  and  4334  were  collected  from  the  reservoir 
in  front  of  the  gate-house  one  foot  beneath  the  surface.  The  remaining  samples  were  collected  from  the 
foot  of  the  overflow  200  feet  below  the  dam. 


Microscopical  Examination. 

18M. 

1AS9. 

June. 

Jaly. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr.,  May. 

1.  Blue-green  A  Igo, . 

, 

pr. 

0.0 

0.0 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algw.  . 

. 

3  5 

45.7 

8.2 

94.2 

54.8 

53.0 

0.7 

3.0 

0.8 

1.6 

0.4 

2.0 

8.  Fungi,    .... 

. 

0.1 

0.0 

0.0 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,     . 

•      • 

0.4 

1.2 

1.1 

6.2 

1.4 

2.0 

0.0 

2.0 

2.5 

100.1 

0.1 

0.3 

Groups  and  principal  genera  of  organisms  observed :  1.  CyanophycesB.  2.  Palmellacen,  ChlorO' 
coccus;  Zoo»poreiBt  J'iBdiaittrum,  Scenedetmus ;  Desroidiaceee,  SpharoMOtma,  Stauratirufn ;  Diatom* 
aceiB,  Anterionella,  Melonra^  IfiUchia,  Tabellaria,  3.  Bchizomycetes.  4.  Protoxoa,  Diffiugiot 
Dinobryon;  Rotlfera;  Entomostraca. 
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HOLDEN  SuTTLY.— Chemical  Examination  of  Water  from  Talnuck  Brook 
Distributing  Reservoir. 

[Parts  per  100/)00.] 


Datb  ov 


§ 

I 


It 


APFBABAirCB. 


Rbudub  oh 
evapobatioh. 


Si 


AXKOKIA. 


NiTBOOBN 


18 

143  Janeao 

688.Aiiff.25 


Ml 
1219 

1450 

1631 
IS23 
S060 
Zl»4 
2886 


At. 


Sept.  15 
Oct.  10 
Nov.  17 

Deo.  20 

If* 

Jao.  18 

Ftb.  13 
Mbt.  20 
Apr.  10 
May    8 


8T. 

June  21 

Aag.27 
Sept.  16 
Oct.  20 
Nov.  18 

Dee.  22 

8S. 
Jan.  20 

Feb.  15 

Mar.  22 

Apr.  12 

May    0 


Slight. 

DIatloct. 

Decided. 

DletlQct. 

SUghU 

Distinct. 

Very  alight. 
Veryallght. 
Very  Blight, 
Slight. 
SUght. 


None. 

Slight. 

SU*t,earthy 

Slight. 

Sll't,  earthy 
and  floc't. 

Sli%earthy. 

VeryaUght. 
Slight. 
Sli*t,  brown. 
Veryallght, 
Slight. 


0.10 
0.60 
0.10 
0.40 
O.SO 

0.15 

0.20 
0.20 
0.20 
0.10 
0.15 


2.72 
8.17 
2.70 
2.65 
2.60 

2.80 

2.40 
2.45 
2.65 
2.00 
2.55 


0.85 
1.27 

0.70 
0.90 
0.80 

0.80 

0.85 
0.75 
0.60 
0.45 
1.00 


1.87 
1.00 
2.00 
1.65 
1.80 

2.00 

1.55 
1.70 
2.05 
1.65 
1.65 


.0001 
.0028 
0010 
0000 
0010 

0010 

0004 
0085 
0081 
0004 
0016 


.0184 
.0180 
.0170 
.0200 
.0206 

0186 

0064 
0104 
0101 
0084 
0148 


0.23 


2.60*0.82 


1.78 


0016 


0146 


.17 
.08 
.16 
.18 
.17 

.15 

.00 
.17 
.14 
.12  i 
.13 

.14 


0000 
0090 
0000 
0080 
.0080 

.0080 

.0150 
.0080 


.0000 


OOOO 


.0090  .0000 


.0050 
.0030 


.0002 
.0000 


Hardneaa  in  May,  1888, 0.3.    Odor,  very  faintly  vegetable.— ~ The  aainplea  were  collected  from  the 
reaervoir  Dear  the  surface. 


Microscopical  Examination. 


March. 


April. 


May. 


1.  Bine-green  Alg», 

2.  Other  Algae, 
8.  Fangi, 

4.  Animal  Forms, . 


0.0 
pr. 
0.0 
0.0 


0.0 
pr. 
0.0 
pr. 


pr. 
pr. 
0.0 
pr. 


Gronpa  and  principal  genera  of  organlams  observed :  1.  Cyanophycen.  2.  Zoospores ;  Diatomacen. 
4.  Protozoa'. 
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Chemicai  Examination  of  Water  from  Bell  Pond,  Worcester, 

[Parte  per  100,000.] 


Datb  op 


is 


APPKARAirCB. 


I 


RB8IDDB  OK 
BVAPOfUTIOH. 


§1 


18 

702:  Sept.  16 


3081   Mbt. 


18 


87. 
Sept.  16 1 

MS. 
Mar.  22 


I>eoided. 
DlBtinot. 


SU't,e'rtby 
81i*t,brown. 


0.06 
0.20 


2.66 
2.86 


0.60 
O.80 


2.06 
2.06 


.008T 


.0166 


.0000 

.0060 


.0000 


OdoFi  very  faintly  vegetable.  —  The  Bamplea  were  collected  from  the  pond  In  front  of  the  gate. 
house. 

Microscopical  Examination, 

March,  1888.    1.  Blae-green  algao,  0.0;  2.  Other  alg»,  pr. ;  8.  Fungi»0.0;  4.  Animal  forme,  pr. 
GroQpB  and  principal  genera  of  organlama  obaerved :    2.  Palmelhiceee.    4.  Protozoa. 


Record  of  Heights  of  Water  in  Holden  and  Leicester  Storage  Reservoirs  at  Times 
when  Sample's  of  Water  were  Collected  for  Analysis, 

NoTX.— Holden  Reeervolr,  height  of  rollway,  20.10  feet;  Leicester  Reservoir,  height  of  roll  way, 
87.40  feet. 


DATE. 


1887. 

Jane  20;   . 
Angnst  25, 
September  15, 
October  19, 
November  17, . 
December  20,  . 

1888. 

Jannary  18,     . 
February  13,    . 
March  20, 
April  10,  . 
May  8,      . 
Jane  21,  . 


HsiaHT  or  Watbb. 


Holden.     Leicester. 


10.64 
20.08 
20.22 
10.60 
18.62 
20.20 


20.32 
17.36 
14.60 
20.21 
20.17 
20.07 


37.02 
88.16 
37.86 
36.41 
86.36 
87.33 

37. M 
37.43 
34.68 
87.02 
37.53 
36.86 


DATE. 


1888. 

July  11,    .        . 
August  13, 
September  10, 
October  0, 
November  12, . 
December  10,  . 

1888. 

January  14, 
February  19,    . 
March  18, 
April  16,  . 
May  14,    . 


Hbiqett  op  Watbb. 


Holden.     Leicester. 


10.31 
17.88 
16.07 
20.38 
30.28 
20.24 


90.44 
20.00 
16.70 
20.00 
20.06 


86.64 
33.68 
S2.08 
36.20 
87.82 
37.56 

85.56 
37.16 
37.62 
87.60 
87.80 
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DESCRIPTIONS    OF   THE   RIVER   BASINS;    CHEMICAL   AND 
BIOLOGICAL  EXAMINATIONS  OF  THE  WATERS. 


EXPLANATORY  NOTE. 

In  the  following  tabulations  the  main  river  basins  of  the  State  are  arranged  in 
alphabetical  order,  and  the  subordinate  basins  are  grouped  with  the  main  basin  to 
which  they  belong.  An  exception  to  this  rule  is  made  in  the  case  of  the  Merri- 
mack and  Connecticut  rivers,  whose  affluents  within  the  State  are  not  grouped 
Avith  them,  but  are  treated  as  main  river  basins.  The  areas  of  the  watersheds  of 
the  rivers  within  the  State  have  been  measured  in  nearly  all  cases  from  the 
topographical  map  made  from  the  recent  survey  of  the  State.  Exceptions  to  this 
rule  will  be  noticed  where  they  occur. 

The  populations  on  the  watersheds  in  Massachusetts  are  based  upon  the  State 
Census  of  1885 ;  in  other  States  upon  the  United  States  Census  of  1880.  Where 
a  town  is  in  two  or  more  watersheds  its  total  population  has  been  divided  among 
them  in  proportion  to  the  number  of  houses  in  each,  as  counted  from  the  latest 
atlases. 

The  amount  of  rainfall  has  been  above  the  avei*age  during  the  years  covered 
by  these  investigations  (June,  1887,  to  May,  1889,  inclusive),  and  the  flow  of  the 
streams  has  been  correspondingly  high,  so  that  the  analyses  do  not  represent  the 
polluted  streams  in  their  worst  condition. 

The  tables  of  chemical  and  microscopical  examinations  of  the  waters  are 
similar  in  all  respects  to  those  already  given  under  tlie  head  of  *•  Water  Supplies  " 
and  explained  on  pp.  8-5  of  this  report 
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BIOLOGICAL  EXAMINATIONS  OF  THE  WATERS. 


BliAGKSTONE   ElVER. 

The  Blackstone  Jliyer  is  formed  by  the  confluence  of  Kettle  and 
Mill  brooks  at  Quinsigamond  Village  in  the  southerly  part  of  the 
city  of  Worcester,  and  flows  thence  in  a  generally  south-easterly 
direction  to  tide  water  at  Pawtucket,  Rhode  Island,  crossing  the 
State  line  at  Blackstone.  The  drainage  area  of  the  river  at  Black- 
stone  —  not  including  Mill  River,  a  tributary  which  unites  with  it 
below  the  State  line  —  is  260  square  miles. 

The  Blackstone  Valley  contained  naturally  a  large  number  of 
lakes  and  ponds..  In  order  to  supply  water  for  power  to  the  mills, 
which  occupy  nearly  every  available  site  in  the  valley,  many  of  these 
natural  bodies  of  water  have  been  raised,  and,  in  addition,  many 
large  artificial  storage  reservoirs  have  been  built.  This  very  com- 
plete development  of  the  water  power  in  this  valley  acts  in  two 
ways  as  regards  the  pollution  of  the  river.  The  mills  discharge 
ioto  the  stream  a  large  amount  of  manufacturing  sewage,  while  on 
the  other  hand  the  dry  weather  flow  of  the  stream  is  kept  unusually 
high  by  the  large  amount  of  water  stored.  The  land  in  the  valley  is 
generally  hilly  and  rolling  and  not  very  well  wooded.  There  are 
very  few  areas  of  swamp  or  other  low  lands  subject  to  inundation. 

The  city  of  Worcester  has  a  water  supply  from  the  head  waters 
of  tributaries  of  the  Blackstone  River,  and  a  system  of  sewerage 
with  an  aggregate  of  71  miles  of  sewers,  which  discharges  sewage 
into  the  river  chiefly  through  Mill  Brook  just  below  the  village  of 
Quinsigamond.  Three  of  the  towns  in  the  valley,  Grafton,  Uxbridge 
and  Nortbbridge,  have  public  water  supplies,  but  none  of  these  places 
has  at  present  a  system  of  sewerage;  consequently  the  pollution 
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from  domestic  sewage  is  very  much  less  in  proportion  to  the  popu- 
lation outside  of  Worcester  than  in  it. 

The  main  source  of  pollution  is  the  sewage  of  the  city  of  Wor- 
cester, which  had  in  1888  an  estimated  population  of  76,500.  From 
the  point  where  this  sewage  is  discharged  to  the  State  line,  a  distance 
of  about  26  miles,  the  river  falls  approximately  220  feet.  The  more 
recent  examinations  of  the  Board  have  been  confined  to  this  portion 
of  tlie  river. 

Examinations  of  samples  of  water  collected  at  three  points  have 
been  made  monthly  since  June,  1887,  and  records  of  the  flow  of 
water  at  four  points  were  kept  from  September,  1887,  to  December, 
1888  ;  tables  giving  the  results  are  appended.  The  statistics  regard- 
ing the  size  of  the  drainage  area  at  each  of  those  points  and  of  the 
population  above  the  points  where  samples  of  water  were  collected 
for  analysis  are  given  in  the  following  table ;  also,  the  distance  to 
each  of  these  places  from  the  point  where  the  sewage  of  Worcester 
is  discharofed  into  the  river. 


LOCALITY. 

Distance 

below 

Point  of  Dis- 

charRe  of 
WccoBter 

Sewage. 

Drainage 
Area. 

Estimated 

Popnlntlou 

(1888). 

Popalation 

p.T 

Sqiiara 
Mile. 

Miles. 

8q.  Miles. 

1.  At  the  Qulnslgamond  Iron  and  Wire  Works ,♦      . 

2.  At  the  firBt  bridge  below  Quinsigamond  Village.t . 

8.  At  the  dam  of  the  Cordis  Manuf  g  Co..  MiUbury,* 

4.  At  the  upper  dam  of  the  Calumet  Woolen  Co., 
Uxbrldge*t 

6.  At  the  dam  at  Millville,  Blackstone.f       . 

«.  At  the  dam  of  the  Blackatone  Manufg  Co.,  Black- 
stone,* 

0 
1 

6 

17 
24 

26 

68.0 
68.9 
77.9 

145.9 
258.1 

200.8 

77.500 

90,900 
102,800 

1,213 

028 
388 

*  Points  at  which  measurements  of  the  flow  of  the  river  were  made. 
t  Points  at  which  samples  of  water  were  collected. 


It  will  be  seen  from  this  table  that  the  population  is  much  more 
dense  in  the  upper  part  of  the  valley  than  in  the  valley  as  a  whole. 

A  careful  examination  of  this  river  basin  was  made  by  the  State 
Board  of  Health  in  1875,  and  a  list  was  prepared  of  all  the  mills 
and  factories  in  the  valley,  which  may  be  found  in  the  report  of  the 
Board  for  1876,  pp.  74-81.  A  summary  of  the  results  is  given  in 
the  following  table  taken  from  p.  82  of  the  same  report. 
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MAyUFACTURES. 

Nnmber. 

Op«ratIye« 

employed. 

Woolen  millo, 

44 

27 
12 
1 

1 

8,003 

8,978 

1,224 

6 

Cotton  mills, 

Iron  workff, 

Tann-.'ries 

Shamblcfl, .        . 

5 

TotA]a, 

85 

8,216 

Non. — Saw  and  grist  mills  are  not  considered  pollatlng. 


A  further  examination  of  this  valley  was  made  by  the  Massachu- 
setts Drainage  Commission  in  1885.* 

In  choosing  the  places  for  collecting  samples  of  water  for  analysis, 
care  was  taken  in  each  case  to  select  a  point  a  considerable  distance 
below  any  source  of  pollution,  so  that  the  polluting  substances  enter- 
ing the  river  might  be  uniformly  mixed  with  the  water.  The  first 
point  selected  is  in  Worcester  nearly  a  mile  below  the  mouth  of 
Mill  Brook.  It  represents  the  portion  of  the  river  where  the  dilu- 
tion of  the  sewage  is  least.  The  second  place  for  collecting  samples, 
at  the  Calumet  Woolen  Mill  in  Uxbridge,  is  16  miles  below  the  first 
point.  In  this  distance  the  water  passes  through  twelve  mill  ponds 
and  falls  a  totiil  distance  of  about  170  feet.  The  drainage  area  at 
the  lower  point  is  128  per  cent,  greater  than  at  the  upper  point, 
and  the  flow  of  the  stream  increases  in  about  the  same  proportion. 
On  the  other  hand  the  population  at  the  lower  point  is  only  18  per 
cent,  greater  than  at  the  upper  one.  It  is  therefore  obvious  that  th^ 
river  water  will  become  rapidly  purer  going  down  stream,  on  account 
of  the  great  dilution,  independent  of  any  purification  of  the  water 
which  may  result  from  other  causes.  On  the  river  and  its  tribu- 
taries between  these  points  there  were,  in  1885,  30  mills  (including 
9  woolen  mills)  employing  2,540  operatives. 

At  Millville,  the  lowest  point  on  the  river  where  samples  are  taken, 
the  drainage  area  is  four  times  as  great  as  at  the  first  point,  and  the 
population  is  but  34  per  cent,  greater.  The  distance  between  the 
second  and  third  points  is  about  7  miles.  The  number  of  mills 
upon  this  portion  of  the  river  in  1885  was  14,  including  5  woolen 
mills,  and  the  number  of  operatives  employed  was  2,986. 

*  Report  of  a  Commission  appointed  to  consider  a  Oeneral  System  of  Drainage  for  the 
Valleys  of  the  Mystic,  Blackstone  and  Charles  rivers,  pp.  95-110. 


Digitized  by 


Google 


386  WATER  SUPPLY  AND   SEWERAGE.  [Dec. 

The  Blackstone  is,  at  the  present  time,  the  most  polluted  river  in 
Massachusetts ;  a  result  which  is  due  for  the  most  part,  as  already 
stated,  to  the  sewage  of  the  city  of  Worcester,  though  the  pollution 
is  increased  to  an  'appreciable  extent  by  the  sewage  and  waste 
discharged  into  the  stream  from  the  many  factories  upon  it  and  its 
tributaries. 

The  most  polluted  portion  of  the  river  is  within  a  few  miles  of 
and  below  the  point  where  the  Worcester  sewage  enters  it,  and 
particularly  in  the  town  of  Millbury,  where  there  are  several  mill 
ponds  which  act  as  settling  basins  to  retain  foul  deposits.  In  this 
portion  of  the  river,  and  for  a  considerable  distance  below  Mill- 
bury,  the  water  is  not  only  very  offensive  at  times  of  low  flow,  but 
it  is  stated  that  it  is  so  dirty  that  it  cannot  be  used  for  making  light- 
colored  cloths,  and  is  unfit  for  use  in  boilers,  as  it  causes  foaming 
and  corrosion.  The  latter  may  be  due  in  part  to  the  large  amount 
of  acid  used  by  the  iron  manufacturers  in  Worcester,  some  of  which 
finds  its  way  into  the  river,  the  water  of  which  has  at  times,  below 
Worcester,  an  acid  reaction. 

Analyses  made  at  Uxbridge,  17  miles  below  the  outlet  of  Wor- 
cester sewage,  show  a  marked  improvement  in  the  quality  of  the 
river  water,  due  largely  to  dilution  by  purer  water  from  the  tribu- 
taries. The  water  at  this  point  is  still  highly  polluted,  but  is  not 
generally  offensive  to  those  living  near  its  banks.  At  Millville, 
above  the  dam,  the  analyses  show  that  the  river  water  is  still  polluted, 
but  the  water  at  this  place  is  entirely  inoffensive.  As  above,  this 
improvement  in  its  quality  is  due  largely  to  dilution,  but  it  is  also 
due  in  part  to  the  chemical  changes  which  have  taken  place  in  the 
water  during  its  flow  down  the  river.  This  feature  will  receive 
further  discussion  in  a  subsequent  portion  of  this  report. 

The  city  of  Worcester  is  now  constructing  works  which  will  soon 
be  in  operation  to  clarify  its  sewage  by  chemical  precipitation  before 
discharo:inor  it  into  the  river. 

In  addition  to  the  tables  of  analyses  of  the  water  of  the  river  at 
three  points  given  below,  examinations  of  other  surface  waters  in 
the  basin  have  been  made,  and  are  given  in  the  preceding  portion  of 
this  report  as  follows  :  — 

Leicester,  Kettle  Brook  in  Paxton, page  185 

^lillbury,  Singletary  Pond, p^'^e  229 

Worcester,  Lynde  Brook  Storage  Reservoir,  .        .  page  873 

Worcester,  Tatnuck  Brook  Storage  Reservoir,       .        .  page  375 
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Oiemical  Examination  of  Water  from  the  Blackstone  River  below  Quinsigamond 

ViUage,  Worcester. 

[Part,  per  100,000.] 


Date  of        | 

1 
Appbaraxcb. 

Rksidur  on 
Evaporation. 

Ammonia. 

i 

N1T30GKN 
as 

1 

s 

s 

Collection. 
Inallon. 

1 

^ 

O    1 

H 

1 

1 

il 

< 

i 

8 

% 

9, 

147 

Jano  20 

»7, 

June  21 

Decided, 
muddy. 

Heavy. 

1.00 

22.90 

9.30 

13.60 

.1620 

.3620 
.2042 

1.47 

- 

- 

373 

July  20 

July  21 

Decided, 
milky. 

Mnch, 
brown. 

0.20 

42.00 

3.25 

38.75 

.3670 

.1340 

2.12 

- 

- 

672 

Aug.  17 

Aug.  18 

Slight. 

Very  heavy, 
d'rk  brown. 

2.00 

18.50 

3.70 

14.80 

.2000 

.1280 

1.24 

1 

.0100 

- 

770 

Sept.  14 

Sept.  16 

1 
Decided. 

1 

Much,  dark 
brown. 

0.05, 

23.90 

7.30 

16.60 

.2640 

.1200 

1 
0.93 

1 

.0130 

- 

967  '  Oct.  17 

1 

Oct.  18 

;  Decided. 

Mnch, 
brown. 

1.30 

16.60 

6.10 

10.60 

.0884 

.0376 

0.90 

.0160 

- 

1191  j  Xov.  15 

Nov.  16 

Decided, 
1    muddy. 

Heavy. 

- 

34.00 

10.20 

23.80 

.5300 

.2630 
.0730  i 

1.46 

1 

.0250 

- 

1447 
M15 

Dec.  19 

18 

Jan.  17 

Doc.  20 

AS. 

Jan.  18 

Decided. 

1 

Decided. 

Heavy. 
Very  heavy. 

0.90 
0.70 

16.60 
25.80 

6.30 
8.40 

10.30 

17.20 

.2380 
.1600 

.1190 
.0600 

.0680 

.0360 

1.63 
0.72 

.0250 
.0450 

- 

1825 

Feb.  14 

Feb.  15 

Decided, 
1    muddy. 

Heavy. 

0.70 

19.20 

7.15 

12.05 

.3180 

.lOOOi 

1.43 

.0400  .0005 

3013 

Mar.  15 

Mar.  16 

Decided. 

M'ch.e'rthy 
and  floc't. 

0.50 

10.10 
8.20 

3.50 
3.00 

6.60 
5.20 

.0910 

1 

.0690 

0.62 

.0250 

.0008 

2201 

Apr.  12 

Apr.  13 

Decided. 

Consid*ble, 
brown. 

0.45 

1 

7.10 

2.20 

4.90 

.0600 

.0810 

0.84 

.0400 

.0012 

2401 

May  10 

May  11 

Decided. 

Much, 
brown. 

0.70 

10.80 

3.40 

7.40 

.1320 

.0880 
.0360 

0.98 

.0250 

.0016 

2S81 

Juno  11 

June  12 

Decided, 
muddy. 

Very  heavy, 
rusty. 

0.10 

8.30 

0.90 

7.40 

.3360 

.1680 

.0350 

1.02 

.0300 

.0087 

2757 

July  11 

July  12 

Distinct, 
muddy. 

H'vy,  o'rthy 
and  floc't. 

- 

35.10 
23.30 

9.80 
6.90 

25.30 
16.40 

.3250 

.08.50 

.0440 

2.23 

.0800 

.0026 

2332 

Aug.  14 

Aug.  15 

Distinct. 

Heavy, 
black. 

0.90 

55.70 

8.85 

46.85 

.5670 

.1190 
.0830 

1.98 

.0070 

.0020 

3156 -Sept.  11 

Sept.  12 

Decided. 

Heavy, 
brown. 

0.70 

S6.65 

5.75 

80.90 

.1430 

.1720 
.0980 

2.14 

.0070 

.0080 

3334    Oct,     9 

Oct.  10  j  Decided. 
|l    muddy. 

H'vy,  e'rthy 
and  lloc't. 

1.00 

13.00   3.80 
8.80  2.40 

9.20 
6.40 

.1430  .0730 

j.0370 

0.95 

.0450 

.0021 

3538    Xov.13 

Nov.  14 

Decided, 
muddy. 

Heavy. 

1.10 

10.05 '3.45 
8.25  2.55 

6.60 
5.70 

.0820 

.05W) 
.0370 

0.69 

.0600 

.0014 

3700 
3S53 

Dec.  11 

18 

Jan.  15 

Dec.  12 
Jan.  16 

Decided, 
muddy. 

Decided. 

Heavy. 
Con., e'rthy. 

0.15 
0.451 

38.6019.60 
8.70  2.35 

14.30 '4.00 
8.1512.10 

29.00 
6.35 

10.30 
8.05 

.1690 
.1410 

.1750 
.0520 

.0870 
.0350 

0.88 
0.98 

.0400 
.0500 

.0028 
.0018 

4046 

Feb.  19 

F«b.  21 

Decided. 

Consid'ble. 

0.60 

1 

13.10   4.15 
10.75  2.60 

8.05 
8.15 

.1640 

.0830 
.0450 

0.74 

.0060 

1 

.0011 

4344 

Mar.  19 

Mar.  20 

Decided. 

Heavy. 

0.60 

10.30 '  3.95 
7.9512.45 

6.35 
5.50 

.1680 

.0910 
.0490 

0.91 

.0200 

.0012 

Digitized  by 


Google 


388 


WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Chemical  Examination  of  Water  from  the  Blackstone  River  below  Quinsigamond 
Village,  Worcester — Concluded . 


Date  or 

APPBARilVCB. 

Rbsiddb  ok 

EVAPOKATION 

Akmokia. 

i 

NITBOOBX 
AS 

s 

1 

IS 

f 

1 

1 

i 

§1 

1-^ 

1 

1 

5 

S 

S 

4622 
4673 

18 

Apr.  16 

May  16 

89. 

Apr.  17 

May  16 

Dedded. 
Decided. 

Heavy. 
Heavy. 

0.90 
0.60 

12.10 
8.8S 

22.05 
10.46 

4.05 
2.85 

6.60 
1.90 

8.05 
8.20 

15.55 
8.55 

.1880 

i 
.2400 

i 

.1140 
.0790 

.1360 
.0380 

0.91 

1 
0.77 

1 

1.19 ' 

1 

.0300 
.0550 

.0021 
.0060 

At. 

0.70 

23.83 

5.66 

18.17 

1.2160 

1 

.1218 

.0315 

wm 

Hardness  in  May,  1888,  2.2.    Odor,  generally  offensive. The  color  Is  often  dae  to  Iron,  and  the 

water  has  freqaently  an  add  reaction.    The  samples  were  collected  from  the  river  about  200  feet  below 
the  iron  bridge,  which  is  the  first  bridge  below  the  Qnlnsigamond  Iron  and  Wire  Works. 


Microscopical  Examinalion, 


1888.                              1 

1889. 

June. 

July. 

Aug. 

Sept. 

Oct. 

yov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-green  Algse 

0.3 

0.0 

0.0 

0.0     0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algae 

5.4 

0.4 

1.6 

4.6 

4.3 

0.3 

0.1 

0.1 

0.0 

0.4 

0^ 

0.0 

8.  Fungi 

10.0 

2.2 

2.0 

0.0 

0.6 

0.0 

0.6 

0.1 

0.0 

0.4 

0.0 

0.0 

4.  Animal  Forms 

8.2 

0.0 

0.1 

1.8 

0.0 

pr. 

0.0 

pr. 

0.1 

0.2 

0.0 

0.0 

Groups  and  principal  genera  of  oi^anlsras  observed:  1.  Cynnophyceaa.  2.  Palmollacen;  Zoo- 
eporeee,  Scenedemttun  ;  Desmldiacefie ;  Dlatomaoeas,  Melonira,  Synedra^  Tabellaria.  3.  Schlzomycetes, 
Orenothrix,  LepMhrix.    4.  Protozoa,  Dinobryorit  Monan;  Rotlfera. 


Chemical  Examination  of  Water  from  the  Blackstone  River  at  Uxbridge, 

[Parts  per  100,000.] 


Date  of 

Appbarahcb. 

Rbsidck  ox 

EVAFOBATIUK. 

AXXOKIA.    1 

u 

XimooEir 

AS 

1 

1 

t 
1 

H 

1 

i 

5 

I 

i 

1 

i 

1" 

^ 

1 

149 
879 
571 
757 

18 

June  20 

July  21 
Aug.  18 
Sept.  14 

87. 

June  21 

July  22 
Ang.  18 
Sept.  14 

Decided. 
'  Slight. 
Distinct. 
Distinct. 

Sli't,  rusty. 
8li't,brown. 
81i't,brown. 
Sll't,  e'rthy. 

0.30 
0.40 
0.45 
0.30 

6.65 
7.27 
7.05 
7.37 

1.52 
1.27 
1.65 
1.40 

5.13 
6.00 
5.40 
5.97 

.1140 
.1320 
.0264 
.0492 

1 
.0361 

.0830; 

.0270' 

.0216 

1 

0.77 
0,82 
0.66 
0.71 

.0190 
.0520 
.0650 
.0390 

- 
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Chemieai  Examination  of  Water  from  the  Blackstone  Biver  at  Uxbridge — Con. 


Datb  ov 

Appkabaxcb. 

KaaiDUB  OK 

EVAFOBATIOIT. 

Ammonia. 

i 

NlTHOOSH 

AS 

1 

'A 

■ 

jl 

f 

1 

1 

1 

4 

1 

1 

il 

i 

973 

18 

Oet.  18 

.r. 

Oct.  19  1 

SUght. 

Con.,brown. 

0.50 

7.55 

1.35 

6.20 

.1672 

.(BM 

1 

0.81 

.0260 

„ 

1201 

NuY.  16 

Nov.  17 

1 

SU»t,  milky. 

Very  alight. 

0.40 

7.45 

1.20 

6.25 

.1888 

.0192 

0.96, 

.0150 

- 

1458 

Deo.  20 1  Deo.  21 

Decided. 

Con.,e»rthy. 

0.70 

8.15 

1.65 

6.60 

.1260 

.0380 

0.80 

.0250 

- 

less 

18 

Jan.  18 

Jan.  to! 

Decided. 

Con.,raaty. 

0.70 

7.60 

1.85 

5.65 

.0798 

.0206 

1 
0.60 

.0450 

« 

1837 

Feb.  15 

Feb.  16 

Diitlnot. 

Heavy, 
ruaty. 

0.45 

7.10 

1.55 

5.65 

.1030 

.0340 

0.62 

.0350 

.0010 

SOU 

Har.  15 

Mar.  16 

Decided. 

Slight. 

0.30 

5.50 

1.10 

4.40 

.0790 

.0280 

0.50 

.0250  .0006 

2200 

Apr.  13 

Apr,  14 

DisUnct. 

Con.,e;rthy 
and  floc't. 

0.80 

6.05 

1.00 

4.05 

.0400 

.0250 

0.36  1 

.0250 

.0005 

2104 

May  11 

May  12 

Decided. 

31i*t,brown. 

0.30 

6.20 

1.25 

4.95 

.1160 

.0380 

0.61 

.0200  .0010 

2582 

Jane  12 

Jane  12 

Distinct. 

811%  roaty. 

0.30 

8.25 

1.10 

6.15 

.0960 

.0810 
.0270 

0.63 

.0800 

.0016 

2702 

July  12 

July  12 

DiaUnct. 

Sli*t,  brown. 

0.45 

8.70 

1.46 

5.25 

.1670 

.0340 
.0830 

0.71 

.0300 

.0007 

2»4 

Aug.  Ifi 

Aag.l6 

DleUnet. 

Slight. 

0.85 

8.9S 

1.80 

5.85 

.1730 

.0180 
.0140 

1 

.0230 

.0003 

siei 

Sept.  12 

Sept.  18 

SUght. 

Sirt.  rusty. 

0.10 

8.15 

1.70 

6.46 

.1790 

.0330 
.0220 

0.87 

.0330 

.0004 

3S35 

Oet.  10 

Oet.  10 

Decided. 

Mach,e*rthy 
and  floc't. 

0.60 

6.80 
5.80 

2.30 
1.70 

4.50 
4.10 

.0520 

.0340 
.0250 

0.45 

.0400 

.0010 

3512 

S^OT.  14 

Nov.  14 

Decided. 

Con.,e*rthy 
and  floc't. 

0.50 

5.65 
♦.70 

1.55 
1.S5 

4.10 
8.15 

.0360 

.0230 
.0120 

0.40. 

.0300 

.0006 

3099 
3858 

Dee.  12 

18 

Jan.  16 

Deo.  12 

8».          j 
Jan.  17 

Diafcinot. 
milky. 

Oonaid'ble. 
Very  alight. 

0.50 
0.40 

6.80 
S.70 

4.60 

1.76 
1.40 

1.10 

4.56 
4.80 

3.50 

.0640 
.0890 

0220 
.0140 

.0170 
.0140 

0.53 
0.42 

.0500 
.0300 

.0010 
.0007 

4002 

Feb.  20 

Feb.  21 

Decided. 

Con.,  e'rthy 
and  floc't. 

0.25 

6.50 
5.10 

1.60 
1.80 

4.90 
3.80 

.0960 

.0440 
.0210 

0.57 

.0100  .0012 

1 

4347 

Mar.  20 

Mar.  20 

Diatlnct. 

Very  slight. 

0.10 

6.85 
5.0S 

1.10 

1.05 

4.25 
4.00 

.0720 

.0120 
.0070 

0.60 

.0050 

.0007 

4623 

Apr.  17 

Apr.  17 

Diatinct. 

Con.,  rosty. 

0.35 

S.40 

0.95 

4.46 

.1080 

.0390 
.0280 

0.56 

.0090 

.0010 

4679 

May  16 

May  17 

Diatlnct. 

Con.,  e'rthy 
and  floc't. 

0.10 

8.10 

1.15 

4.85 

.1320 

.0340 
.0210 

0.66 

.0200 

.0016 

Av. 

0.40 

6.67 

1.48 

6.19 

.1011 

.0286 

0.66 

.0292 

0009 

Hardness  in  May,  1888,  2.2.    Odor,  generally  musty  and  disagreeable. The  samples  were  col. 

lected  from  the  canal  from  the  upper  dam  of  the  Calamet  Woolen  Company,  Just  before  the  water 
passes  the  screens  to  the  wheels. 
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Microscopical  Examination. 


[Dec. 


1888. 

1889. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec! 

Jan. 

Feb.  Mar, 

Apr.  1  May. 

1.  Blue.green  Algaa,  .... 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  OtherAlgw, 

3.d 

1.0 

1.7 

8.5 

1.5 

0.3 

0.1 

pr. 

0.1 

0.1 

pr. 

3.5 

3.  Fungi, 

0.0 

0.0 

pr. 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

O.O 

i.  Animal  Formi,      .... 

0.7 

6.1 

0.9 

2.0 

0.6 

pr. 

0.1 

0.0 

0.0 

0.5 

pr. 

2.3 

Groups  and  principal  genera  of  organisms  observed :  2.  Palmellaceas ;  Zoosporeas;  De«mldlaceiB ; 
Dlatomacen,  AfterioneilUt  SyntdrUt  Tabeliaria,  3.  Bchizomycetes.  4.  Protozoa^  Dinobryon  ;  Spongl* 
aria;  Rotitera;  Entomostraca. 

Chemical  Examination  of  Waier  from  t?ie  Blackstone  River  at  Millville,  Blackstone. 

[Parts  per  100,000.] 


I>ATR  or 

Appbarancb. 

RB9IOUK  ON 
EVAPORATIOK. 

AlUfONIA. 

n 

1  NiTROOEK 
AS 

*A 

1 
I 

£xam- 
liiatlon. 

i? 

1 

c 

i 
5 

4 

1 

1 

3"§ 

< 

^ 

i 

1             » 
148  '  June  20 

•r. 

June  21 

Blight. 

None. 

0.20 

6.52 

1.82 

8.70 

.0565 

.0232 

,    .53 

.0060 

^ 

872   July  20 

July  21 

Very  slight. 

Consid'ble. 

0.50 

4.80 

1.00 

3.80 

.0396 

.0230 

1    .42 

.0180 

- 

5W    Aug.  19 

Aug.  20 

None. 

Slight. 

0.50 

5.22 

1.07 

4.15 

.0050 

.0243 

'    -41 

.0330 

- 

779  '  Sept.  15 

Sept.  16 

Slight. 

Very  slight.' 0.15 

5.30 

1.35 

8.95 

.0128 

.0212 

1    .52 

.0330      - 

987    Oct.  19 

1 

Oct.  20 

Distinct. 

Slight.          0.80 

5.50 

1.35 

4.15 

.0776 

.0232 

.59 

.0260 

- 

1189    Nov.  15 

Nov.  16 

Distinct. 

Very  slight.  0.20 

5.20 

1.10 

4.10 

.0896 

.0172 

'    .59 

.0150 

- 

1452   Doc.  20 

Dec.  21 

Distinct. 

811»t,e'rthy.  0.60 

5.60 

1.25 

4.35    .0636 

.0812 

.53 

.0180      - 

1           ^^ 
1619  '  Jan.  18 

88. 
Jan.  19 

Decided. 

Very  slight.  0.70 

6.35 

1.35 

4.00    .0864 
8.90 '1.0550 

.0192 

'    .86 

.0200      - 

1841  '  Feb.  16 

Feb.  17 

Sll't,  milky. 

Very  slight.!  0.30 

5.20 

1.30 

.0190 

.44 

.0280  .0005 

2009    Mar.  15 

Mar.  15 

Sirt,  milky. 

Veryslight.  0.40 

6.20 

1.20 

4.00  l'. 0610 
2.80  1  .0190 

.0180 

.44 

.0230  .0006 

2212  '  Apr.  14 

Apr.  14 

DIsUnct. 

8U't,e*rthy.'o.70 

3.95 

1.16 

.0200 

1    .80 

.0200  .oooe 

1 

2410    May  14 

May  14 

Decided. 

Con.,e*rthy.'  0.60 

6.00 

1.35 

8.65 

.0480 

.0270 

.88 

.0120  .0004 

2580   June  12 

1 

June  13 

Distinct. 

Con.,e*rthy. 

0.45 

4.15 

0.80 

3.85. 

.0340 

.0330 
.0210 

.38 

.0200  .0007 

2765    July  12 

July  13 

Blight. 

Slight 

0.20 

S.10 

1.50 

8.80 

.0630 

.0340 
.0340 

.63 

.0300  .0003 

1 

2930    Aug.  14 

Aug.  14 

Distinct. 

Consld*ble. 

0.20 

8.80 

1.85 

4.95 

.0710 

.0280 
.0210 

.81 

.0400  .0003 

3160    Sept.  14 

1 

Sept.  14 

Slight. 

Slight. 

0.20 

6.S5 

1.05 

4.50 

.0630 

.0250 
.0250 

.61 

.0320  .0001 

33G6    Oct.  12 

Oct.  13 

Distinct. 

Con.,  rusty. 

0.90 

5.15 

1.80 

3.35 

.0220 

.0320 
.0240 

.35 

.0200 '.0005 

3551 

Xov.  13 

Nov.  16 

Distinct. 

Sll't, e'rthy.  0.50 ' 

4.55 

1.40 

8.15 

.0270 

.0260 
.0150 

.34 

.0250 

.0006 

3709 

Dec.  13 

Dec.  14 

Distinct, 

milky. 

Con.,brown.  0.45 ' 

1          1 

6.00 !  1.30 
4.80   1.15 

3.70 

8.«, 

.0330 

.0230 
.0180 

.38 

.0180  .OOOT 

i 
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Chemical  Examination  of  Water  from  the  Blaekstone  River  at  MiUville, 
BlacksUme — Concluded. 


18  89. 

3850   Jan.  16  Jan.  17 

'        i 

4101    Feb.  21 1  Feb.  23 

I  I 

4360  :  Mar.  21  Mar.  22 

I        I 

4U2    Apr.  19   Apr.  20 


46S0 


Av. 


May  16 


May  17 


Appkasauck. 


eU't,  milky. 

Decided. 
Distinct. 

Distinct. 

Distinct. 


SUght. 

Heavy. 

Very  slight, 
flocculent. 

Con.,e'rthy. 
Con.,  floo*t. 


0.20 

0.60 
0.20 

0.30 

0.20 


0.39 


Rbsidur  oh 
Evaporation. 


4.10 
8.85 

5.20 

4.85 
4.20 


4.15 
4.65 


5.06 


l.OO 
0.60 


1.40 


1.26 
0.80 


1.10 
1.20 


1.26 


3.10 
8.05 

3.80 

3.60 
3.80,1 

l| 

8.05 
8.45 


AJIIIOSIA. 


8.801 


.0160 

.0430 
.0620 


0352 


.0455 


< 


0202 
.0138 

0230 

0340 
0200 

0340 
.0230 


0204 


.0263 


.46 


NiTiooasr 


,0210 
0090 

0070 

0150 


.0211 


.0004 

.0005 
.0007 

.0008 

.0004 

.0005 


Hardness  in  May,  1888, 1.5.    Odor,  generally  musty  and  disagreeable. The  samples  were  collected 

from  the  river  at  the  bridge  just  above  the  dam  in  the  village  of  MiUviUe. 


Microscopical  Examination. 


1888. 

1880 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-green  AIg»,  .... 

0.0 

0.0 

pr. 

pr. 

pr. 

0.1 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

2.  Other  Algas, 

1.6 

5.5 

1.8 

2.8 

0.8 

0.7 

0.1 

0.1 

0.3 

pr. 

0.5 

1.3 

8.  Fungi 

0.8 

0.8 

1.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,      .... 

0.3 

1.4 

0.1 

8.4 

0.2 

2.3 

0.0 

0.0 

0.0 

0.1 

0.1 

0.8 

Groups  and  principal  genera  of  organisms  observed:  1.  Cyanopbyoeie.  2.  Falmellacc»;  Zoo- 
sporeaei;  Desmidiacen;  Diatomacess,  Sj/nedra,  Tabellaria*  3.  Schizomycetes,  Crenothrix.  4.  Protozoa, 
IHnol»Tfon;  Rotifera;  Entoroostraca. 
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Charles  Riveb, 

The  Charles  River  drains  an  area  of  307.5  square  miles  in  the 
eastern  part  of  Massachusetts.  It  rises  in  Mil  ford  and  flows  in  a 
north-easterly  direction  to  Boston  Harbor,  a  distance  of  28  miles 
measured  in  a  straight  line,  and  as  many  as  70  miles  following  the 
very  circuitous  course  of  the  stream.  The  river  is  affected  by  the 
tides  as  far  up  as  Watei-town,  ten  miles  above  its  mouth.  Between 
Watertown  and  Newton  Upper  Falls  the  river  falls  85  feet  in  10 
miles,  and  practically  all  of  this  fall  is  utilized  for  water  power. 
Between  Newton  Upper  Falls  and  the  southerly  part  of  Millis',  a 
distance  of  about  32  miles,  the  stream  has  a  total  fall  of  only  28  feet, 
most  of  which  is  concentrated  at  the  dams  at  Charles  River  Village 
and  South  Natick.  The  greater  part  of  the  way  the  stream  is  very 
sluggish  and  meanders  through  extensive  meadows  which  are  over- 
flowed at  high  stages  of  the  river.  The  valley  contains  few  ponds 
or  lakes  and  no  large  storage  reservoirs,  and  the  dry  weather  flow 
of  the  river  is  small. 

The  land  in  the  valley  is  generally  rolling  and  in  places  somewhat 
hilly.  The  lower  lands,  with  the  exception  of  the  meadows,  are 
generally  composed  of  gravel  or  sand.  Much  of  the  land  is 
devoted  to  farming  and  is  not  well  wooded. 

Near  Dcdham  the  divide  between  the  Charles  and  Neponset 
River  valleys  is  very  low,  and  a  channel  was  dug  at  this  place  many 
years  ago,  to  divert  a  portion  of  the  water  from  the  Charles  into  the 
Neponset  River  through  Mother  Brook.  It  has  been  decided  by  the 
courts  that  Mother  Brook  is  entitled  to  one-third  of  the  water  of  the 
Charles  River  at  the  point  of  diversion. 

The  following  table  gives  statistics  of  drainage  areas  and  popula- 
tions at  several  points  on  the  river  at  and  above  Watertown. 
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LOCALITT. 


Distance 

from 

Tide  Water 

at 
Watertown. 

Miles. 


Drainage 
Area. 


Sq.  Miles. 


Estimated 

Population 

(1888). 


PopnlatSon 

per 
SqaareMile. 


Above  Milford,  opposite  wells  of  Mllford  Water  Co.,* 

Below  Mliford 

At  the  dam  at  South  Natick,* 

Just  above  Mother  Brook, 

Just  below  Mother  Brook  (see  note),  .       .       .       . 
At  Brookllne  Water  Works  Pumping  Bution,* . 
At  Newton  Water  Works  Pumping  Station,*     . 

At  Newton  Upper  Falla,t 

At  Waltham  Water  Works  Pumping  Station,*  . 
At  uEtna  Mills,  Watertown,*  t 


60.0 
68.0 
29.5 
17.0 
17.0 
15.0 
12.0 
11.0 
4.7 
1.0 


8.7 

12.2 

154.7 

108.0 

132.4 

140.6 
144.8 
181.0 
197.8 


484 

8,230 

25,090 

S8,a00 

82,200 

24,300 

83,350 
67,210 


120 
675 
102 
168 
168 

173 

184 


NoTK.^In  order  to  allow  for  the  diversion  of  one-third  of  the  flow  of  Charles  River  into  If  other 
Brook,  a  corresponding  reduction  has  been  made  in  the  drainage  areas  and  populations  at  points  further 
down  stream.  The  drainage  area  and  population  at  the  Brookllne  Water  Works  Pumping  Station  are 
about  midway  between  those  given  for  Mother  Brook  and  the  Newton  Water  Works  Pumping  Siadon. 

*  Points  at  which  samples  of  water  wei«  oollected  for  analysis. 

t  Points  at  which  measurements  of  the  flow  of  the  river  were  made. 


The  greatest  density  of  population  is  seen  in  the  above  table  to  be 
below  Milford,  which  is  situated  near  the  head  waters  of  the  river. 
Farther  down  stream  the  population  per  square  mile  is  much  smaller 
and  remains  nearly  uniform  as  far  as  Dedham.  Below  this  place 
the  population  in  the  valley  increases  more  and  more  rapidly  to  the 
mouth  of  the  river,  the  valley  adjoining  the  tidal  portion  of  the 
river  containing  a  very  large  population  in  the  cities  of  Boston  and 
Cambridge. 

Many  of  the  cities  and  towns  in  this  valley  have  a  public  water 
supply.  Of  these,  Milford,  Dedham,  Brookllne,  Newton,  Wellealey, 
Waltham  and  Watertown  obtain  their  supply  from  wells  or  filter- 
galleries  on  or  near  the  banks  of  the  river;  Franklin  obtains  its 
supply  from  wells  on  the  bank  of  Mine  Brook,  one  of  the  tributaries 
of  the  river ;  Cambridge  takes  water  from  Stony  Brook,  a  tributary 
which  enters  the  river  just  above  Waltham,  and  Lincoln  obtains  a 
supply  from  Sandy  Pond  at  the  head  of  Stony  Brook.  Portions  of 
the  town  of  Natick  and  of  the  West  Roxbury  District  of  Boston 
within  this  valley  are  supplied  with  water  from  outside  sources. 
More  or  less  manufacturing  and  domestic  sewage  is  turned  into  the 
river  from  the  factories  and  towns  in  the  valley,  but  no  town  has 
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any  extensive  system  of  sewerage  discharging  into  the  river  above 
Watertown.  The  town  of  Medfield  purifies  its  sewage  by  filtration 
before  discharging  ik  into  the  stream. 

An  examination  of  the  Charles  River  basin  was  made  by  the 
State  Board  of  Health  in  1875,  and  a  list  was  prepared  giving  the 
number  of  mills  and  factories  on  the  streams  in  the  valley,  the 
number  of  operatives  employed  and  other  information  relating  to 
the  pollution  of  the  river,  which  may  be  found  in  the  report  of  the 
Board  for  1876,  pp.  98-108.  A  further  examination  of  the  valley 
was  made  in  1885,  by  the  Massachusetts  Drainage  Commission,* 
the  results  of  which  are  given  in  detail  on  pp.  35-63  of  its  report. 
The  later  examination  shows  an  increase  in  the  amount  of  sewage 
and  manufacturing  waste  entering  the  river,  though  it  cannot  be 
called  a  badly  polluted  stream  above  Waltham.  Below  this  city 
the  stream  is  much  more  polluted,  particularly  its  tidal  portion,  and 
a  remedy  is  being  provided  by  the  construction  of  the  Metropolitan 
System  of  Sewerage  to  intercept  the  sewage  and  carry  it  out  to  sea. 

Examinations  of  the  river  water  were  made  monthly  from  June, 
1887,  to  May,  1889,  at  five  places,  namely,  Watertown  at  ^tna 
Mills;  opposite  thd  pumping  stations  of  the  Waltham,  Brookline 
and  Newton  water  works,  and  at  South  Natick.  Samples  were 
also  taken  occasionally  from  the  river  at  Milford,  near  the  wells  of 
the  Milford  Water  Company.  Records  of  the  flow  of  water  in  the 
river  at  Newton  Upper  Falls  and  at  Watertown,  and  of  the  flow 
in  Mother  Brook  at  East  Dedham,  were  kept  from  October,  1887, 
to  December,  1888. 

In  the  valley  above  South  Natick,  there  were  in  1885, 12  factories 
or  mills  employing  900  operatives,  which  discharged  polluting 
material  of  some  sort  into  the  stream.  The  others  were  not  thought 
to  cause  a  sensible  amount  of  pollution.  None  of  these  factories 
are  within  about  13  miles,  by  the  river,  of  the  point  where  the 
samples  were  collected  at  South  Natick.  Between  this  point  and 
the  Brookline  Pumping  Station,  there  were  in  1885  only  two  pol- 
luting mills  —  a  paper  and  a  paint  mill  —  employing  together  about 
48  hands.  The  sewage  from  Hotel  Wellesley,  which  contains  in 
summer  about  600  boarders,  and  that  from  Wellesley  College,  with 
about  the  same  population,  also  enters  the  river  or  a  tributary. 

The    distance    between  the   Brookline    and    Newton    pumping 

*  Report  of  a  Commission  appointed  to  consider  a  General  System  of  Drainage  for  the  Val- 
leys of  the  Mystic,  Blackstone  and  Charles  rivers. 
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stations  is  but  three  miles,  and  there  are  no  mills  or  popula- 
tion between  these  points  to  appreciably  affect  the  quality  of  the 
water.  Between  the  Newton  and  Waltham  pumping  stations  the 
manufacturing  villages  of  Newton  Upper  and  Lower  Falls  are  situ- 
ated, and  there  were,  in  1885,  15  mills,  employing  about  1,030 
operatives,  of  which  four,  employing  465  operatives,  were  not  con- 
sidered polluting.  On  the  river  between  the  Waltham  Pumping 
Station  and  the  ^tna  Mills  at  Watertown  there  is  a  large  concen- 
trated population  in  the  city  of  Waltham,  and  there  were,  in  1885, 
six  mills,  employing  4,170  hands,  which  discharged  polluting 
material  of  some  sort  into  the  stream. 

Tables  of  analyses  of  the  river  water,  with  a  summary  of  the 
same,  and  tables  of  the  volume  flowing  in  the  river  are  appended. 
Analyses  of  other  surface  waters  in  the  valley  have  already  been 
published  in  the  preceding  portion  of  this  report  as  follows  :  — 

Cambridge,  Stony  Brook  Reservoir  in  Waltham,     .        .  page    89 

Concord,  Sandy  Pond  in  Lincoln, page  108 

Franklin,  Beaver  Pond,     .......  page  133 

Franklin,  Mine  Brook, page  133 

Needham,  Rosemary  Pond, page  237 

Newton,  Hammond's  Pond, page  249 

Wellesley,  Rosemary  Brook, page  346 

Wellesley,  Waban  Lake, page  347 


Chemical  Examinalion  of  Water  from  the  Charles  River  at  Milford. 

[Part*  per  100,OCO.] 
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Hardness  In  May,  1888, 1.0.    Odor,  faintly  vegetable. The  samples  were  collected  from  the  river 

near  the  pnmping  station  of  the  Mllford  Water  Company. 

Microscopical  Examination. 

March,  May,  1888.    1.  Blae-green  alga,  0.0;  2.  Other  algao,  pr.;  S.  Fungi,  0.0;  4.  Animal  forms,  pr. 
Groups  and  principal  genera  of  organisms  observed:    2.  Palmellacese ;  Zoosporess;  Dlatomaee». 
A.  Protozoa, 
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Chemical  Examination  of  Water  from  the  Charles  River  at  South  Natick. 

[Parts  per  100,0000 
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Hardocra  in  May,  18SS,  1 .7.    Odor,  faintly  vegetable. The  aamples  were 

Just  above  the  dam  at  South  Natiek. 


collected  from  the  river 
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Microscopical  Examination. 


1888. 

1889. 

Jnno. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

Jan. 

Feb. 

Feb. 

Mar. 

Apr. 

May. 

M... 

1.  Blue-green  AlgflB, 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 
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0.0 

2.  Other  AlgflB,        .       , 

pr. 
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pr. 
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3.  Fungi,  .... 

pr. 
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0.0 

0.0 

0.0 

0.0 

pr. 
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0.0 
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pr. 

0.0 

0.0 
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4.  Animal  Forms,   . 
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0.0 

0.4 

0.0 

pr. 

0.0 

0.1 

0.2 

1.0 

pr. 

0.3 

Groups  and  principal  genera  of  organisms  observed:  1.  Cyanophyoeie.  2.  Palmellaceffi;  Zoo- 
sporeee;  DesmldiacesB ;  Diatomaceaa,  Synedra,  Tabellaria;  Zygnemaceae;  VolvocinesB.  8.  Schlzomy- 
cetos.    4.  Protozoa,  Dinobryon  ;  Entomostraca. 


Chemical  Examination  of  Waier  from  Charles  River  opposite  the  Filter- Oallery 
of  the  Brookline  Water  Works  at  West  Roxbury. 

[Parts  per  100,000.] 


Datk  of 

Rrsidur  on 
evai'dration. 

AjflCOKIA. 

i 

NiTROGSK 
AS 

s 

1 

.1 

1 

«: 

1 

1 

§1 

i 

1 

1 

y^ 

43 

18 

Juno  G 

87. 

June   8 

Very  Blight. 

None. 

1.20 

5.15 

2.27 

2.88 

.0042 

.0423 

.44 

_ 

_ 

253 

July  -e 

July    6 

Very  slight. 

None. 

0.90 

4.92 

1.77 

8.15 

.0011 

.0251 

.38 

- 

- 

'494 

Aug.  8 

Aug.  8 

Very  slight. 

None. 

1.10 

5.85 

1.90 

3.95 

.0002 

.0274 

.82 

.0070 

- 

711 

8cpt.  8 

Sept.  0 

Slight. 

Blight. 

0.80 

6.67 

1.40 

4.18 

.0010 

.0322 

.89 

.0070 

- 

013 

Oct.  10 

Oct.  11 

Very  Blight. 

VerysUghl. 

0.40 

4.80 

1.15 

8.65 

.0005 

.0202 

.53 

.0130 

- 

1119 

Nov.   8 

Nov.   9 

Slight. 

Slight. 

0.60 

5.85 

1.15 

4.70 

.0068 

.0218 

.59 

.0080 

- 

1353 

Dec.    8   Dec.    9 

Distinct. 

Slight. 

0.70 

6.20 

1.05 

4.25 

.0009 

.0278 

.52 

.0180 

- 

1557 

18  88. 
Jan.    OjJau.  10 

Slight. 

Very  slight. 

1.10 

4.95 

1.90 

8.05 

.0010 

.0261 

.32 

.0250 

.0000 

176.>    Feb.    7 

Feb.    8 

Slight. 

Con.,e»rthy.  0.60 

6.35 

1.70 

3.65 

.0069 

.0257 

.34 

.0200 

.0000 

1906-.;i{ar.    7 

Mar.    8 

Slight. 

Veryslight.  0.70 

4.60 

1.60 

2.90 

.0003 

.0278 

.30 

.0100 

.0000 

2178    Apr.iO 

Apr.  11 

Distinct. 

Very  slight. 

1.10 

3.50 

1.45 

2.05 

.0004 

.0247, 

.24 

.0040 

.0001 

2371 

May    8 

J^y    0 
June  7 

Distinct. 

Con.,  dark 
brown. 

0.80 

4.10 

1.60 

2.50 

.0022 

.0264 

.34 

.0080 

.0000 

2557 

June   6 

Very  slight. 

Slight. 

1.30 

4.80 

1.88 

2.92 

.0034 

.0320 

.30 

.0050 

.0003 

2705 

July    4 

July    6 

V>ry  slight. 

Veryslight. 

0.60 

4.55 

1.70 

2.85 

.0010 

.0234 
.0216 

.35 

.0080 

.0001 

2891 

Aug.  7 

Aug.  8 

Slight.' 

Veryslight.,  0.46 

4.80 

1.^ 

3.20 

.0000 

.0228, 
.0206 

.42 

.0030 

.0001 

8843 

Oct.  10 

Oct.  11 

Slight. 

• 

Veryslight.  1.20 

5.80 

2.25 

8.05 

.0026 

.0322 
.0300 

.37 

.0080 

.0002 
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Chemical  Examination  of  Water  from  Charles  Biver  opposite  the  FiUer-Oallery 
of  the  Brookline  Water  Works  at  West  Boxbury  —  Concluded. 


Datb  of 

Appraranck. 

Rksiddk  on 

EVAPOItATIoX. 

Ammonia. 

1 

'  1?ITB00EV 
1              AS 

5 

1 

|i 

6 

^ 

1 

1 

§1 

I5 

1 

il 

< 

^ 

^ 

3447 

18 

Oct.  25 

Oct.  26 

Very  slight. 

Verysllght. 

1.30 

1 

5.09 

2.15 

2.85 

.ooos 

1 

.026S, 
.0258 

.42 

.0100 

.0002 

3503 

Nov.    7 

Nov.    8 

Very  Blight.  Slight. 

1.80 

1  5.25 

2.40 

2.85 

.0010 

.0298 
.0256 

.40 

.0060 

.0001 

8655 
8898 

Dec.    5 
Jan.  2J 

Dee.    6 
Jan.  23 

VerysHght.  Verysllght. 

1 
Verysllght.  Verysllght. 

0.50 
0.60 

8.80 
8.40 

1.40 
1.25 

2.40 
2.15 

.0006 
.0000 

.0216, 
.0156 

.0136 

.36 
.34 

.0100 
.0060 

.0001 
.0000 

8976 

Feb.    6 

Feb.    7 

1 

Verysllght. 

Verysllght. 

0.50 

3.55 

0.80 

2.75 

.0002 

.0152 
.0130 

.33 

.0080  .0002 

40M 

Feb.  20 

Feb.  21 

Distinct. 

Slight. 

0.40 

4.00 

1.20 

2.80 

.0002 

.0176 
.0152 

.31 

.0060  .0003 

4237 

Mar.    7 

Mar.   8 

Distinct. 

Slight. 

0.80 

!  8.80 

1.50 

2.30 

.0002 

.0164 
.0150 

.85 

.0120  .0002 

4493 

Apr.  U 

Apr.  12 

Blight. 

Very  Blight. 

0.70 

1 
3.85 

1.30 

2.55 

.0002 

.0224 
.0200 

.34 

.0040  .0004 

4632 

May    8 

May    9 

1 
1 

Slight. 

Slight. 

1.20 

;  4.50 

1.95 

2.55 

.0018 

.0306' 
.0256 

.82 

.0100  .0002 

Av. 

1 

0.81 

5.07 

1.66 

3.41 

.0013 

.0254 

.37 

.0004  .0001 

i 

i 

1 

Hardness  in  May,  1888,  1.6.    Odor,  generally  faintly  vegetable,  seldom  monldy. The  samples 

were  collected  from  the  river  opposite  the  flltcrgallery  of  the  Brookline  Waterworks  at  West  Roxbury. 


Microscopical  Examination, 


1888. 

1880. 

June.  July.  Aug. 

Oct. 

Oct. 

Nov. 

Dec. 
0.0 

Jan. 

Feb. 

Feb. 

Mar. 

Apr.  May. 

1.  Bine-green  Algas,        • 

0.0 

0.3 

0.0 

0.0 

0.0 

0.0 

0.0  '  0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algaa, 

pr. 

0.9 

1.8 

0.2 

0.6 

pr. 

0.0 

1  0.5     0.3 

pr. 

2.9 

0.8 

0.9 

S.  Fnngi, 

1.5     0.5 

0.0 

0.0 

0.0 

1.0 

0.0 

0.0     0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,    . 

pr.     0.2 

0.4 

0.5 

0.6 

0.0 

0.0 

pr.    pr. 

0.0 

0.6 

pr. 

0.0 

Groups  and  principal  genera  of  organisms  observed  :  1.  Cyanophyceee.  2.  Palmellaccfls ;  ZooBi>ore8s; 
DesmidiaccsD;  Diatoma43ee,  Synedra,  8.  Suhlzomyoetes,  Orenothrix,  4.  Protozoa;  Spongiarla;  Annel- 
ida; Entomostraca. 
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Chemical  ExamincUion  of  Water  from  Charles  Siver  opposite  the  Filler-Basin  of 
the  Newton  Water  Works. 

[Part*  per  100,000  ] 


Date  of 

Appbabaxcb. 

Rksiduk  OK 

EVAPORATIOy. 

AvxoiriA. 

i 

1 

O 

1   NITROQBX 
I            AS 

1 

1 

a 

1 

l' 

5? 

j 

1 

1 

§1 

h 

1 

II 

<      1 

S5 

1 

7< 

40 

June    6 

87. 
June  7 

Veryglight. 

Slight. 

1.00 

6.95 

1.92 

4.03 

.0020 

.0396 

.39'  .0000 

_ 

272 

July    6 

July    7 

Slight. 

Sll't.brown. 

0.70 

6.07 

1.62 

8.45 

.0004 

.0202 

.38    .0000 

- 

605 

Ang.  8 

Aug.  9 

None. 

Blight. 

1.00 

6.60 

1.80 

8.80 

.0008 

.0249 

.88    .0000 

il 

- 

726 

Sept.  9 

Sept.  10 

Slight. 

Very  alight. 

0.70 

6.62 

1.40 

4.22 

.0011 

.0807 

.43 

.0070 

- 

929 

Oct.  10 

Oct.  12 

Very  Blight. 

None. 

0.40 

6.30 

1.25 

4.05 

.0000 

.0208 

.60 

.0060 

- 

1123 

Nov.  8 

Nov.   9 

Slight. 

Blight*. 

0.60 

6.65 

0.95 

4.70 

.0004 

.0242 

.62 

.0080 

- 

1364 

Deo.    8 

Dec.    9 

Slight. 

Very  slight. 

0.70 

6.20 

1.80 

4.40 

.0004 

.0240 

.66 

.0180 

- 

1667 

18 

Jan.    9 

88. 

Jan.  11 

Slight. 

Very  slight. 

0.70 

6.10 

2.00 

3.10 

.0000 

.0235 

1 
.81 

.0260 

.0000 

1778 

Feb.    7 

Feb.    9 

Veryelight. 

^a^itl^^^' 

0.60 

4.95 

1.70 

8.25 

.0051 

.0260 

.37 

.0230 

.0001 

1970 

Mar.    7 

Mar.    8 

Distinct. 

Slight. 

0.70 

4.75 

1.80 

2.95 

.0003 

.0277 

.31    .0100 

.0000 

2186 

Apr.  10 

Apr.  11 

Distinct. 

Slight. 

0.65 

3.85 

1.60 

2.35 

.0004 

.0297 

.29 

.0050 

.0001 

2377 

May    8 

May    9 

Distinct. 

Con.,brown. 

0.90 

4.55 

1.75 

2.80 

.0028 

.0322 

.36 

.0100 

.0001 

2662 

Jane   7 

Juno   8 

Very  slight. 

^'onsid'ble. 

1.20 

4.65 

1.85 

2.80 

.0012 

.0348 
.0292 

.29 

.0060 

.0007 

2718 

July    5 

July    6 

Viry  slight. 

Very  slight. 

0.60 

4.35 

1.65 

2.70 

.0032 

.0240 
.0240 

.34 

.0070 

.OOOO' 

2893 

Aug.  9 

Aug.  10 

Slight. 

VerysUght. 

0.20 

4.35 

1.15 

3.20 

.0000 

.0212 
.0212 

.44 

.0020 

.0000 

8161 

Sept.  12 

Sept.  13 

Very  Blight. 

VerysUght. 

1.00 

8.30 

2.65 

8.65 

.0016 

-O.'MO 
.0328 

.38 

.0160 

.0001 

Oct.   11 

Oct.  12 

Very  slight. 

VerysUght. 

1.90 

5.55 

2.40 

3.15 

.0004 

.0300 
.0262 

.37 

.0070 

.0002 

3512 

Nov.    8 

Nov.   9 

1 

Very  slight. 

VirysUght. 

1.30 

4.80 

2.80 

2.60 

.0010 

.W04 
.0278 

.39 

.0080 

.0001 

3668 
3932 

Dec.    6 

18 

Jan.  .25 

Dec.    7 
Jan.  26 

Very  slight. 
VerysUght. 

VerysUght. 
VerysUght. 

0.60 
0.60 

3.85 
3.45 

1.55 
1.15 

2.30 
2.80 

.0006 
.0002 

.0180 
.0148 

.0160 
.0144 

.34 

.0130 
j 
.0060 

.0001 
.0003 

3987 

Feb.    7 

Feb.    8 

Very  slight. 

SU%  white. 

0.60 

8.75 

1.20 

2.56 

.0002 

.0140 
.0122 

.34 

.0090 

.0002 

4060 

Feb.  21 

Feb.  23 

Slight. 

Slight. 

0.30 

8.70 

1.05 

2.85 

.0000 

.0178 
.0174 

.32 

.0200 

.0004 

4241 

Mar.    7 

Mar.    8 

Distinct. 

Slight. 

0.30 

8.60 

1.20 

2.40 

.0000 

.0182 
.0140 

.31    .0090 

.0002 

4496 

Apr.  11 

Apr.  12 

Slight. 

VerysUght. 

0.70 

3.75 

1.80 

2.45 

.0004 

.0222 
.0212 

.33    .0030 

.0003 

4633 

May    g 

May  11 

Slight. 

Considn)le. 

1.20 
0.76 

4.45 

2.25 

*•" 

.0030 

.0352 
.0818 

.0256 

.32 
.83 

.0040 
.0088 

.0002 

Av 

5.22 

1.62 

3.60 

.0010 

.0001 

1 

1 

1 

Hardness  in  May,  1888, 1.7.    Odor,  distinctly  vegetable. The  samples  were  ooUected  from  the  river. 
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Microscopical  Examination. 


IMS. 

I                          1889. 

June.  Jaly. 

A.ug.  Sept.  Oct. 

Nov. 

Dec. 

Jan. 

Feb.   Feb    Mar.  Apr. 

May. 

1.  Blue-green  Algao, 

0.0 

0.0 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0     0.0 

0.0 

0.0 

0.0 

2.  Other  Algae, . 

4.4 

0.9 

0.3 

1.2 

0.6 

0.6 

0.0 

0.1 

4.0     1.8 

20.6 

2.2 

6.7 

8.  Fangi 

0.4 

0.0 

0.0 

pr. 

0.6 

pr. 

0.0 

0.0 

0.0     0.0 

0.0 

0.0 

0.0 

4.  Aolmal  Forms,     .        . 

0.1 

pr. 

0.1 

0.1 

0.2 

0.5 

pr. 

0.0 

1.2     0.0 

0.2 

0.2 

0.0 

Oroups  and  pHnclpal  genera  of  organisms  observed:  1.  Cyanophyoeas.  2.  Palmellaoeas ;  Zoo- 
sporeae;  Dcsmidlaceee ;  Dlatoroaceas,  Synedra,  Tabellaria;  ZygnemacesD.  3.  Schlzomycetes.  4.  Proto- 
zoa, Z>»iu>^yon;  Spooglaria;  Annelida  i  Kntomostraca. 


Chemical  ExamincUion  of  Water  from  Charles  River,  near  the  Filter-Basin  of 
the  Waltham  Water  Works. 

[Parts  per  100,000.] 


Datb  of 

Appkakakcb. 

RKSIDDB  OV 
,       EVAl'OBATION. 

Ammonia. 

1 

NiTBOOKK 
AS 

1 

i 

|i 

a 

i 

1 

u 

§1 

■  s 

1 

1 

K 

■c 

92 

18  87. 
Jane   9  Jane  10 

_ 

1.20 

6.07 

2.32 

3.75 

.0044 

.0440 

.40 

.0000 

. 

263 

Jnly    6  July    7 

Veryslight. 

None. 

0.60 

.5.60 

1.80 

3.70 

.0034 

.0249 

.40 '  .0000 

1 

- 

601 

Aug.   8 

Ang.  0 

Slight. 

CotUtbrown. 

0.70 

6.20 

1.37 

4.83 

.0052 

.0270 

.38 

.0030 

- 

716 

Sept.  8 

Sept.  9 

Slight. 

Con., brown. 

0.55 

6.27 

1.40 

4.87 

.0027 

.0271 

.60 

.0070 

- 

•17 

Oct.   10 

Oct.  11 

Slight. 

Veryslight. 

0.60 

6.90 

1.10 

4.80 

.0010 

.0241 

.57    .0070 
.66,  .0090 
.66    .0200 

- 

1128 

Xov.    8 

Nov.   9 

Decided. 

Slight. 

0.50 

6.20 

1.76 

4.45 

.0010 

.0192 

- 

1350 

Dec.    ajDoc.    8 

Distinct. 

Veryslight. 

0.50 

6.85 

2.10 

4.75 

.0026 

.0272 

- 

1563 

18 

Jan.    9 

88. 
Jan.  10 

Slight. 

Veryslight. 

0.90 

5.10 

1.95 

3.15 

.0006 

.0271 

i 
.35    .0200 

.0000 

1769 

Feb.    7 

Feb.    8 

Slight. 

Veryslight. 
white. 

0.60 

6.20 

1.90 

4.30 

.0063 

.0289 , 

.40  1.0270 

.0001 

1973 

Mar.    7 

Mar.    8 

Slight. 

Sli»t,earthy. 

0.60 

4.60 

1.70 

2.90 

.0013 

.0251 

1' 
.321.0120 

.0000 

2195 

Apr.  11 

Apr.  12 

Distinct. 

Sll'l,  white. 

0.90 

4.05 

1.40 

2.65 

.0000 

.0250 

.28:1.0070 
.39  i|. 0080 

.0001 

2380 

May     8 

May    9 

Distinct. 

Veryslight. 

0.90 

4.50 

1.55 

2.95 

.0026 

.0284 

.0001 

2693 

June  12 

Juno  13 

Slight. 

Slight. 

1.00 

5.60 

2.00 

3.60 

.0032 

.0366 1 
.0332 

.30:  .0120 

.0002 

2728 

July    5 

July    6 

Slight. 

Slight. 

0.40 

5.30 

1.75 

6.55 

.0040 

.0324 
.0240 

.40    .0070 

.0001 

2004 

Aug.  10 

Aug.  10 

Slight. 

81i*t,brown. 

0.30 

5.33 

1.00 

4.30 

.0040 

.0248 
.0196 

.46  1,. 0030 

.0001 

3214 

Sept.  IS 

Sept.  19 

Veryslight. 

Veryslight. 

0.55 

5.70 

1.80 

4.10 

.0034 

.0316' 
.0240 

.44    .0030 

i 

.0003 
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Chemical  Examination  of  Water  from  Charles  River,  near  the  Filter-Basin  of 
the  WaUham  Woler  Works — Concluded. 


Datk  of 

ArPKASAVCC. 

Residur  ok 

EVAPOBATIOK. 

Amxoxia. 

i 

NlTSOGUr 
AS 

s 

1 

i 

1 

1 

1 

1 

1 

il 

1 

S 

sses 

18 

Oct.  12 

88. 
Oct.  13 

DIatlnct. 

Veryallght. 

1.40 

5.50 

2.45 

8.05 

.0026 

.0328 
.0320 

.38, 
1 

.0120 

.0003 

8517 

Nov.   9 

Nov.  10 

Very  slight. 

Slight. 

1.80 

5.40 

2.50 

2.00 

.0038 

.0276 
.0262 

.47 

.0150 

.0004 

8671 
3938 

Dec.    7 

18 

Jan.  26 

Dec.    8 

8». 

Jan.  28 

NoDe. 
VeryaUght. 

Verysllght. 
Verysllght. 

0.60 
0.35 

8.00 
8.85 

1.40 
1.05 

2.50 
2.80 

.0002 
.0008 

.0178 
.0156 

.0164 
.0142 

.3-! 
1 

-1 

.0100 
.0150 

.0005 
.0002 

4001 

Feb.  12 

Feb.  13 

Veryallght. 

Sirt.earthy 
and  floc't. 

0.45 

4.25 

1.20 

8.05 

.0004 

.0174 
.0146 

.40 ' 

.0200 

.0002 

4094 

Feb.  22 

Feb.  23 

Slight. 

Slight. 

0.50 

4.40 

1.10 

8.30 

.0000 

.0182 

.36  1 

.0200 

.0005 

4257 

Mar.    8 

Mar.    9 

Veryallght. 

Verysllght. 

0.30 

4.00 

1.05 

2.95 

.0004 

.0202 
.0172 

.37' 

.0100 

.0004 

4507 

Apr.  12 

Apr.  13 

Verysllght. 

Slight. 

0.00 

4.15 

1.55 

2.60 

.0000 

.0250 
.0222 

.36 

.0060 

.0002' 

4644 

May  10 

May  11 

Blight. 

Con.,  earthy 
and  floc't. 

1.10 

4.85 

2.25 

2.60 

.0060 

.0346 
.0290 

.0205 

.33! 
.41 

.0070 

.0003 

Av. 

0.69 

5.62 

1.70 

3.92 

.0024 

.0104 

0002 

Hardness  In  May,  1888, 1.9.    Odor,  faintly  vegetable,  occasionally  mouldy, 
collected  from  the  river  near  the  filter-basin  of  the  Waltham  Water  Works. 


-The  samples  were 


Microscopical  Examination, 


1888. 

1889. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

1 
Dec. 

Jan. 

Feb. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-green  Algie, 

0.0 

0.0 

0.0 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  OtherAlgsB,.       .       .       . 

0.5 

4.3 

1.1 

0.4 

0.2 

1.8 

0.2 

0.2 

1.7 

1.2 

1.0 

1.6 

0.7 

8.  Fnngl 

2.5 

0.3 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

4.  Animal  Forms,     . 

3.2 

11.5 

0.8 

0.3 

pr. 

0.0 

pr. 

pr. 

1.0 

pr. 

0.3 

0.3 

ao.o 

Groups  and  principal  genera  of  organisms  observed :  1.  Cyanophyceaa.  2.  PalmellacesB ;  Zoo- 
sporcas;  Desmidiacese;  DiatomaceaB,  ir<:to»ira,  S}/nedra;  Zygnemacen.  3.  Schizomycetes,  Ze/>to<Ariz. 
4.  Protozoa,  Dinobryon  \  Rotifera. 
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Chemical  Examinalion  of  Water  from  Charles  River  at  JEtna  Mills,  Watertown. 

I  [Parta  per  lOOiOOO.] 


Dam  of 

Appbasamcb. 

Rksiddk  ox 
Evaporation. 

Ammonia. 

i 

!    NlTROGBN 

1             AS 

a 

1 

jl 

f 

*i 

I 

1 

i 

1 

1 

3 

1 

s 

269 

18 

July    7 

8T. 
Jaly    7 

Slight. 

Con.,  brown. 

0.90 

6.76 

2.00 

4.75 

.0006 

.0307 

.60 

.0030 

_ 

493 

Aug.  8 

Aag.  8 

Slight. 

Sli't,brown. 

0.60 

6.97 

1.30 

5.67 

.0065 

.0237 

.69 

.0350 

- 

710 

8«pt.  8 

Sept.  8 

Distinct. 

Slight. 

0.60 

6.90 

1.15 

5.75 

.0009 

.0291 

.62 

.0130 

- 

912 

Oct.  10 

Oct.  10 

Slight. 

Sli't,  earthy 
and  floc't. 

0.45 

7.15 

1.40 

5.75 

.0066 

.0249 

.75 

.0200 

- 

1118 

Kov.   8 

Nov.    9 

Distinct. 

Sirt,  white. 

0.30 

7.80 

2.00 

5.80 

.0305 

.0265 

.88 

1.0400 

- 

1551 

18 

Jan.    9 

88. 

Jan.  10 

DisUnct. 

Slight. 

0.90 

6.70 

2.00 

8.70 

.0038 

.0298 

.38  j.0300 

.0000 

1764 

Feb.    7 

Feb.    8 

Slight. 

Con.,  earthy 
and  floc't. 

0.50 

7.10 

2.00 

6.10 

.0031 

.0286 

.48 

.0300 

.0000 

1981 

Mar.  9 

Mar.  10 

Slight. 

Con. .earthy 
and  floc't. 

0.70 

5.75 

2.15 

8.60 

.004t 

.0320 

.46 

.0230 

.0003 

2182 

Apr.  10 

Apr.  11 

Distinct. 

SU*t,brown. 

1.00 

4.05 

1.50 

2.55 

.0000 

.0302 

.34 

.0100 

.0004 

2375 

May    8 

May    9 

Distinct. 

Con.,  dark 
brown. 

0.80 

6.25 

2.20 

4.05 

.0040 

.0322 
.0256 

.53 

.0400 

.0004 

J712 

Jaly    5 

July    6 

Slight. 

Slight. 

0.40 

8.25 

2.10 

4.15 

.0092 

.0248 
.0214 

.60 

.0550 

.0017 

2801 

Aug.  9 

.\ug.  10 

DisUnct. 

Slight. 

0.40 

7.95 

1.95 

6.00 

.0046 

.0402 
.0312 ' 

.83 

.0150 

.0017 

8166 

Sept.  13 

Sept.  14 

Slight. 

Con.,brown. 

0.70 

6.95 

2.35 

4.60 

.0032 

.0420 
.0274, 

.62 

.0400 

.0006 

3300 

Oct.  12 

OcL  13 

Slight. 

Consid*ble. 

1.70 

6.40 

2.50 

3.90 

.0036 

.0380 
.0346, 

.43 

.0250 

.0003 

3516 

Nov.   9 

Nov.  10 

Slight. 

Sli't,  earthy 
and  floc't. 

1.10 

6.20 

2.35 

3.65 

.0048 

.0326 ' 
.0280 

.68  '.0250 

.0007 

36S2 
»35 

Dec.    6 

18 

Jan.  25 

Dec.    7 

89. 

Jan.  20 

Slight. 
Slight. 

Slight. 
VerysUght. 

0.50 
0.45 

4.20 
4.05 

1.35 
1.15 

2.85 
2.90 

.0000 
.0000 

.020* 
.0164 

.0184 
.0150  , 

.42 
.39 

.0300 
.0120 

.0004 
.0003 

3996 

Feb.    8 

Feb.    9 

Distinct. 

Slight. 

0.45 

4.55 

1.10 

3.45 

.0002 

.0184 
.0146 

.43 

.0150 

1 

.0004 

4105 

Feb.  23 

Feb.  26 

Distinct. 

Slight. 

0.50 

4.45 

1.20 

3.25 

.0004 

.0216 
.0168 1 

.40 

'.0200 

.0004 

4250 

Mar.    8 

Mar.    9 

Slight. 

Conaid'ble. 

0.30 

4.80 

1.45 

3.35 

.0000 

.0208 
.0172 

.41 

Loiso 

.0008 

4505 

Apr.  12 

Apr.  13 

Distinct. 

Consld'ble. 

0.60 

4.75 

1.70 

3.05 

.0000 

.0306 
.0252 

.43    .0150 

.0003 

4637 

May  10 

May  11 

Distinct. 

Con.,brown. 

1.00 

6.10 

2.60 

3.50 

.0076 

.0430  1 
.0354; 

.49  1  .0350 

1 

.53    .02M 

.0004 

Av. 

0.6S 

6.44 

1.77 

4.67 

.0042 

.0290 

.0005 

1 



Hardness  in  May,  1883,  2.3.    Odor,  faintly  vegeUble,  frequently  mouldy. The  samples  were 

eoUectcd  from  the  canal  at  the  ^tna  Mills,  Watertown. 


Digitized  by 


Google 


404  WATER  SUPPLY  AND   SEWERAGE. 

Microscopical  Examination. 


[Dec. 


1SS8. 

1880. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Feb. 

Mar. 

Apr.  1  May. 

0.2 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.  Other  Algie 

2.1 

1.1 

0.8 

0.7 

0.4 

0.2 

pr. 

0.1 

0.2 

1.9 

5.5 

0.5 

3.  Fnngi 

2.5 

5.0 

5.0 

0.0 

0.0 

0.0 

0.0 

0.5 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms 

l.X 

pr. 

0.7 

0.1 

0.1 

pr. 

0.0 

0.0 

0.1 

0.6 

0.3 

0.8 

Groups  and  principal  genera  of  organlame  observed:  1.  Cyanophycoes.  2.  Palmeilaceas,  Chloro- 
coccwt;  Zoosporeaa;  Desmldlacefle;  DlatomacesB,  Synedra,  Tabelktria;  Zygnemace».  3.  Schlzomycetes, 
Crenothrix*    4.  Protozoa;  Bponglaria. 


Summary  of  Analyses  of  Water  from  Charles  River, 


% 

1 

0.75 

RKSIDCB  0!f 
EVAPORATIOM. 

Asnro5iA. 

1 

6 

NiTROCEX  AS 

H 

fl 

1^^ 

1 

1 

< 

?, 

t 

Above  Mllford, 

3.40 

1.47 

1.93 

.0012 

.0245 

.22 

.0063 

.0000 

At  South  Natick 

0.88 

5.03 

1.71 

3.32 

.0011 

.0273 

.34 

.0081 

.0002 

At  Brookline  Pumping  Station,  . 

0.81 

5.07 

1.66 

3.41 

.0013 

.0251 

.37 

.0094 

.0001 

At  Newton  Pumping  Station, 

0.75 

5.22 

1.62 

3.60 

.0010 

.0256 

.38 

.0088 

.0002 

At  Waltham  Pumping  Station,    . 

0.60 

5.62 

1.70 

3.02 

.0024 

.0265 

.41 

.0104 

.0002 

At  JStna  Mills,  Watertown, 

0.68 

6.44 

1.77 

4.67 

.0042 

.0290 

.63 

.0252 

.0005 
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Chicopee  River. 

The  Chicopee  River  is  in  the  central  part  of  the  State,  and  flows 
into  the  Connecticut  River  from  the  east  at  Chicopee.  Its  basin, 
which  lies  wholly  within  the  State,  contains  an  area  of  724.6  square 
miles.  The  river  proper  is  formed  by  the  confluence  of  the  Swift, 
Ware  and  Quaboag  rivers,  near  the  village  of  Three  Rivers  in  the 
town  of  Palmer,  and  flows  thence  about  17  miles  in  a  westerly 
direction  to  its  mouth.  The  river  falls,  in  this  distance,  about  260 
feet,  of  which  166  feet  are  utilized  for  power. 

The  Swift,  Ware  and  Quaboag  rivers  are  nearly  equal  in  size, 
and,  having  a  rapid  fall,  are  used  extensively  for  water  power.  The 
Quaboag  River  basin,  with  an  area  of  211.9  square  miles,  contains  a 
number  of  large  ponds  with  an  aggregate  area  of  about  2,070  acres, 
and  some  very  extensive  low  meadows,  bordering  the  upper  portion 
of  the  river,  which  are  flooded  when  the  river  is  high ;  consequently 
the  summer  flow  of  the  stream  is  comparatively  large.  The  Ware 
River  has  a  drainage  area  of  219.6  square  miles,  which  is  much  more 
hilly  than  the  Quaboag,  and  its  capacity  for  storing  water  is  some- 
what less,  so  that  the  stream  is  subject  to  somewhat  greater  fluctua- 
tions. The  Swift  River  has  a  drainage  area  of  217.8  square  miles, 
which  is  more  hilly  than  either  of  the  others,  and,  in  some  places, 
mountainous.  There  are  fewer  lakes  and  ponds  on  this  stream  than 
on  either  of  the  others. 

Of  the  places  wholly  or  in  part  within  the  Chicopee  basin, 
Chicopee,  Ludlow^,  Palmer,  Warren,  West  Brookfield,  Brookfield, 
Spencer  and  Ware,  and  the  village  of  Indian  Orchard  in  the  city 
of  Springfield,  have  public  water  supplies.  Ware  has  a  system  of 
sewers,  built  in  1889,  discharging  into  the  Ware  River  below  the 
town.  Sewage  is  also  discharged  into  the  main  river  or  its  trib- 
utaries from  portions  of  the  towns  of  Spencer,  Palmer  and  Ludlow, 
from  the  village  of  Indian  Orchard,  and  from  the  town  of  Chicopee. 
It  is  also  the  general  custom  to  discharge  the  manufacturing  wastes 
and  the  sewage  from  water  closets  used  by  operatives  directly  into 
the  stream.  The  river  near  its  mouth  is,  however,  still  in  use  as 
a  source  of  water  supply  for  a  part  of  the  town  of  Chicopee. 

The  Chicopee  River  basin  was  examined  in  1875  by  the  engineere 
of  the  State  Board  of  Health,  and  the  number  of  mills  and  factories 
in  the  basin  was  detennined,  together  with  the  number  of  operatives 
employed.     The  following  tiible,  taken  from  page  118  of  the  report 
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of  the  Board  for  1876,  gives  a  summary  of  the  results  obtained  by 
this  examination,  which  will  show  the  general  character  of  the 
manufacturing  in  this  valley  :  — 


MANUFACTURES. 


Oporatlves 
Employed. 


Cotton  mills, .... 
Foandries  and  machine  shops, 
Woolen  mills  and  dye  works. 
Bleaching  works,  . 
Paper  mills,    .        .       *        . 

Hat  works 

Tanneries 

Gasworks,     .... 
Saw  and  grist  mills. 

Totals,     .... 


18 

83 

26 

1 

8 

1 

8 

6 

84 


126 


6»228 

1.102 

.1,028 

20 

262 

326 

10 


8,984 


Samples  of  water  from  the  river  at  Chicopee  Falls  have  been 
examined  monthly  from  June,  1887,  to  May,  1889.  Measurements 
of  the  stream  were  made  at  the  upper  dam  at  Ludlow  from  October, 
1887,  to  September,  1888.  The  results  are  given  in  appended 
tables.  The  following  table  gives  statistics  of  drainage  areas  and 
population  of  the  main  river  and  its  branches :  — 


LOCALITY 


Distance 

from 
Mouth  of 
Chicopee 

River. 

3[ilC8. 


Drainage 
Area. 


Sq.  Miles. 


Popalatlon 
(1886). 


Population 

per 
Square  Mile. 


Beren-Mlle  River,  Just  below  Spencer, 
Qoaboag  River,  at  month,     . 

Ware  River,  at  month 

Swift  River,  at  month,  .... 
Chicopee  River,  at  npper  dam,  Lndlow, 
Chicopee  River,  at  dam,  Chicopee  Fall 4, 


45.5 

17 

18 

18 
8.4 
2.7 


80.9 
211.9 
219.6 
217.8 
088.1 
716.7 


7,933 
28,811 
15,300 

7,655 

58,581 


257 
134 
70 
36 

82 


Of  the  total  population  above  Chicopee  Falls,  28,022,  or  47.8 
per  cent.,  are  in  five  towns  having  a  population  of  more  than  4,000 
each.     The  remainder  of  the  population  is  located  in  smaller  towns, 

The 


but  much  of  it  is  in  manufacturing  villages  near  the  streams 
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population  of  the  larger  towns  has  increased  steadily  since  1865, 
while  the  smaller  towns  have  generally  shown  a  marked  decrease  in 
recent  years.  This  decrease,  however,  has  not  been  suflicient  to 
offset  the  gain  in  the  larger  towns,  and  the  population  of  the  valley, 
as  a  whole,  is  increasing. 

In  addition  to  the  tables  of  analyses  given  below,  examinations  of 
•other  surface  waters  in  the  Chicopee  basin  have  been  made,  and  are 
given  in  the  preceding  portions  of  this  report,  as  follows  :  — 

Brookfield  W.  W.,  storage  reservoir,        ....  page   79 

Chicopee  W.  W.,  Dingle  Brook  Storage  Reservoir, .        .  page    96 

Chicopee  W.  W.,  pond, page   98 

Ludlow,  Wood's  Pond, page  200 

Ludlow,  Chapin's  Pond, page,  201 

Monson,  reservoir, page  230 

Palmer  W.  W.,  reservoir, page  264 

Phillipston,  Phillipstxjn  Pond, page  267 

Spencer  W.  W.,  Shaw  Pond,     .        .        ,        .        .        .  page  296 

Springfield  W.  W.,  Ludlow  Reservoir,     .        .        .        .  page  298 

Springfield  W.  W.,  Broad  Brook, page  302 

Springfield  W.  W.,  Higher  Brook, page  302 

Ware,  Muddy  Brook, page  332 


Chemical  Examination  of  Water  from  the  Cliicopee  Eiver  at  Ludlow. 

[Parts  per  100,000.] 


Datb  op 

Appbabanck. 

Residuk  on 

EVAPORATIOK. 

1 
Amkonia. 

XlTftOGKir 
AS 

1 

i 

ii 

u 

i? 

«i 

1 

t 

il 
1-^ 

b 

1 

Albu- 
minoid. 

Chlorine. 

s 

i 

2 

4208 

18 

Mar.    » 

S9. 

Mar.  11 

Distinct. 

1     1 

Coii.,enrthy  0.25 
and  floG*t.          1 

2.85 

0.90 

1.95 

.0002 



.0164      .18 

.om 

.0060 

.0001 

Hardness,  1.2.    Odor,  very  fainlly  vegetable. The  sample  was  collected  from  the  river  at  the 

upper  dam  of  the  Ludlow  Manufacturing  Company,  Ludlow. 


Microscopical  Examination. 

March,  1889.    1.  Blnegreen  algae,  0.0;  2.  Other  alg»,  0.1 ;  3.  Fungi,  0.0;  4.  Animal  forms,  0.4. 
Groups  and  principal  genera  of  organisms  observed :    2.  Diatomacees.    4.  Protozoa. 
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ChemiccU  Examination  of  Water  from  the  Chicopee  River  at  Chicopee  Falls. 

[■■arts  per  100,000.] 


Datk  of 

ArrBASASCK. 

Rbsiocb  om 

EVAPORATIOX. 

Amxohia. 

e 

1 

NlTROOBX 
AS 

1 

a 

a 

? 

u 

J' 

H 

§ 

1 

1 

i 

1 

1 

< 

1 

1 

Si 

137 

1»87. 

June  17  Jane  18 

Slight. 

Conaid'hle, 
ruaty. 

0.45 

'•" 

1.45 

3.37 

.0012 

.0i62 

.17 

1 

.0130 

- 

3M 

July  19 

July  20 

Slight. 

Conald'ble, 
rusty. 

0.60 

4.64 

1.32 

3.32 

.0027 

.0185 

.19 

.0070 

- 

SOS 

Aug.  16 

Aug.  18 

Slight. 

Slight. 

1.00 

5.05 

1.52 

8.53 

.0026 

.0238 

.14 

.0100 

- 

787 

Sept.  15 

Sept.  16 

Decided. 

Consid'ble. 

0.45 

4.35 

0.95 

3.40 

.0026 

.0188 

.15 

.0030 

- 

975 

Oct.  17 

Oct.  19 

SUght. 

Slight. 

0.00 

4.05 

1.15 

3.80 

.0011 

.0196 

.24 

.0080 

- 

1196 

Nov.  15 

Nov.  16 

Dtettnct. 

Slight. 

0.40 

4.20 

1.10 

3.10 

.0006 

.0165 

.23 

Loloo 

- 

1442 

Dec.  19 

Dec.  20 

DUUnct. 

SUght. 

0.40 

4.05 

1.15 

2.90 

.0012 

.0141 

.21 

.0120 

- 

1009 

19 

Jan.  16 

S8. 
Jan.  17 

Diatlnct 

Slight, 
earthy. 

0.30 

8.95 

1.10 

2.85 

.0000 

.0109 

.13 

.0200 

.0000 

1M3   Feb.  15 

1 

Feb.  17 

Very  alight. 

Veryslight. 

0.40 

3.90 

0.85 

3.05 

.0040 

.0150 

.15 

.0200 

.0000 

2019 

Mar.  14 

Mar.  16 

DisUnct. 

Slight. 

0.20 

3.75 

0.90 

2.85 

.0010 

.0118 

.17 

.0100 

.0002 

2214 

Apr.  13 

Apr.  14 

Very  alight. 

Slight* 
earthy. 

0.30 

8.00 

0.95 

2.05 

.0004 

.0142 

.13 

.0080 

.0003 

2407 

May  11 

May  12 

Slight. 

Slight. 

0.25 

3.40 

1.20 

2.20 

.0012 

1 

.0126 

.14 

.0080 

1 

.C002 

2613 

Jane  20 

Jane  21 

Distinct. 

Slight, 
green. 

0.60 

3.55 

1.20 

1 
2.35 

.0024 

.0160 

.12 

'.0060 

1. 

.0002 

2773 

July  12 

July  13 

Slight. 

Veryslight. 

0.30 

4.55 

1.55 

3.00 

.0038 

.0178 
.0140 

.15    .0080 

.0002 

29dO 

Ang  16 

Aug.  17 

Slight. 

1 

SUght. 
white. 

0.25 

4.85 

0.95 

3.70 

.0018 

.0162 
.0126 

.22    .0070 

.0001 

3224 

Sept.  19 

Sept.  20 

Slight. 

Considera- 
ble. 

0.50 

4.35 

1.50 

2.85 ' 

.0020 

.0236 
.0206 

.19    .0120 

.0001 

8386 

Oct.  17 

Oct.  IS 

Slight. 

i 

Veryslight. 

1.00 

4.00 

1.35 

2.65 

.0002 

.0150 
.0144 

.17    .0080 

1 

.0001 

85S6 

Nov.  21 

Nov.  22 

SUght. 

Slight. 

0.60 

3.45 

1.10 

2.35 

.0000 

.0140 
.0128 

.16 

.0100 

.0004 

8765 
3911 

Dec.  19 

18 
Jan.  22 

Dec.  20 
Jan.  24 

Decided. 

Slight, 
milky. 

Heavy, 
eurthy  and 
flocculent. 

VerysUght. 

0.40 
0.20 

2.60 
2.85 

1.05 
0.65 

1.55 
2.30 

.0002 
.0000 

.0202 
.0116 

.0132 
.0102 

.07 
.14 

.0100 
.0120 

.0003 
.0002 

4155 

Feb.  27 

Feb.  28 

Slight. 

None. 

0.20 

3.70 

0.85 

2.85 

.0000 

.0126 
.0070 

,19 

.0100 

.0000 

4415 

Mar.  27 

Mar.  28 

Very  slight. 

Veryslight. 

0.30 

3.25 

0.85 

2.40 

.0000 

.0124 
.0100 

.12 

.0080 

1 

.0001 

4568 

Apr.  24 

Apr.  25 

Veryslight. 

Considera- 
ble, light. 

0.25 

3.80 

0.90 

1 
2.40 

.0012 

.0161 
.0142 

.14 

.0100 

.0004 

4718 

May  22 

May  23 

Slight. 

Considera. 
ble. 

0.60 
0.43 

3.95 

1.05 
1.14 

2.90 

.0048 

.0224 
.0176 

.14 
.16 

.0060 

.0008 

At 

4.17 

3.03 

.0016 

.0168 

.0098 

.0002 



1 

Odor,  generallv  faintly  vegeta>)le,  seldom  mouldy. The  samples  were  collected  from  a  faucet  in 

the  pumping  station,  with  the  exception  of  No.  137,  which  was  collected  from  the  canal  Just  over  tiie 
Inlet  to  the  water  works.  ^-^  , 
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Microscopical  Examinaiion, 

1888. 

1889. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blaegreen  Algn,  .... 

2.  Other  Alga 

8.  FuDgi 

4.  Animal  forma,       .... 

pr. 

1.0 
0.1 
0.1 

0.0 
0.9 
pr. 
pr. 

pr. 
1.6 
0.0 
0.0 

0.0 
0.5 
0.0 
0.0 

pr. 
0.1 
0.0 
0.0 

0.0 
0.8 
0.0 
pr. 

0.0 
8.0 
0.0 
pr. 

0.0 
0.1 
0.0 
0.0 

0.0 
0.1 
0.0 
0.0 

0.0 
0.1 
0.0 
pr. 

0.0 
4.3 
0.0 
0.3 

0.7 
8.8 
0.0 
0.1 

Groups  nnd  principal  genera  of  organiama  observed:    1.  Cyanophyeea.    2.  Palmellaces;  Zoo- 
aporete ;  Desmldlaceas;  Dlatomaces,  5yn0(2ra,  7\idc/larla.  8.  Bchlxomycetea.  4.  Protozoa;  Sponglaria. 

Table  shewing  the  Flow  of  the  Chicopee  River  at  the  Upper  Dam  of  the  Ludlow 
Manufacturing  Company, 


MONTH. 


Day  of  Month 

on  which 
Sample  waa 

collected 

for  Analysis 

at 

Chicopee  FaUs. 


Flow  durlnsr 
Worldng  Hours 

on  the  Day 

the  8ample  was 

collected. 

Cu.  ft.  per  sec. 


Average  Flow 

durinfr 

Working  Iloura 

for 

the  Month. 

Ca.  a.  per  sec 


1887. 

October 

November 

December,        .... 

1888. 

January 

February,         .... 
March,      ..... 

April, 

May..       .       .       .       .       . 

Jane 

July 

August, 

September,       .       •        .       . 


17 
16 
10 

10 
16 
14 
18 
11 
20 
12 
16 
19 


698 

686 

1,072 

974 

678 

666 

8,474 

1,802 

616 

636 

416 

1,868 


616 
726 
971 

1,236 
1,806 
2,137 
3,204 
1,617 

ns 

629 
653 

1,370 


Concord  River. 

The  Concord  River  is  formed  by  the  confluence  of  the  Sudbury 
and  Assabet  rivers  at  Concord,  and,  after  flowing  in  a  northerly 
direction  about  16  miles,  empties  into  the  Merrimack  River  in 
the  eastern  part  of  the  city  of  Lowell.  Its  drainage  area  of  402.1 
square  miles  is  wholly  within  the  State. 

Between  Noith  Billerica  and  its  mouth,  a  distance  of  about  4.5 
miles,  the  river  falls  quite  rapidly,  and  its  power  is  fully  utilized 
by  mills.     Above  North  Billerica  the  main  river  and  the  Sudbury 


Digitized  by 


Google 


1889.] 


WATER  SUPPLY  AND  SEWERAGE. 


411 


are  extremely  sluggish  nearly  to  Saxonville,  the  fall  in  22  miles  or 
more  being  less  than  two  inches  per  mile.  Throughout  nearly  all 
of  this  level  portion  the  river  is  bordered  by  extensive  meadows, 
subject  to  inundation,  some  of  them  being  permanently  wet.  The 
upper  portion  of  the  Sudbury  River  h  used  as  a  source  of  water 
supply  for  the  city  of  Boston,  and  has  been  fully  described  on 
pp.  29-34  of  this  report.  The  Assabet  River  has  considerable  fall, 
and  is  used  in  many  places  for  water  power ;  its  drainage  area  is 
hilly,  and  contains  much  less  swamp  and  meadow  than  is  found 
near  the  Concord  and  the  lower  part  of  the  Sudbury. 

The  area  and  population  alx)ve  different  points  on  the  Concord 
River  and  its  tributaries  are  given  in  the  following  table:  — 


LOCALITY. 


Distance 

ftrom 

Mouth 

of  Concord 

Kiver. 

Miles. 


Drainage 
Area. 


Sq.  Miles. 


Popniatlon 
(1885). 


Population 

per 
Square  Mile. 


Sndbnry  River,  abi>Te  Dam  1  of  the  Boston  Water 
Works,  Including  F^rm  Pond, 

Budbury  River,  at  month,      ...... 

Assabet  River,  below  Northborongh 

Assabet  River,  at  month,       ...... 

Sodbary  and  Aasabet  rivers,  at  conflaence, 

Concord  River,  at  Lawrence  Street  bridge,  Lowell,  . 

Concord  River,  at  month, 


S6 
10 
38.5 

le 

Id 
1.6- 
0 


75,2 
164.0 

30.5 
lTe.8 
340.8 
876.5 
402.1 


24,000 
40,401 
2,838 
18,650 
50,051 
65,101 


310 
246 
03 
106 
178 
178 


It  will  be  observed  from  the  above  table  that  the  population  on 
the  Sudbury  River  watershed  is  more  dense  in  the  upper  portion 
than  in  the  valley  as  a  whole ;  also  that  the  density  of  population 
in  this  valley  is  much  greater  than  in  the  Assabet.  A  portion  of 
the  city  of  Lowell  and  many  factories  discharge  sewage  into  the 
Concord  Biver  at  its  mouth,  so  that  this  portion  is  more  polluted 
than  any  other. 

The  watershed  of  the  Concord  above  Lowell  contains  the  whole  or 
a  considerable  portion  of  14  towns  which  drain  into  the  river  below 
the  dams  of  the  Boston  Water  Works.  Of  these,  Concord,  Framing- 
ham,  Maynard,  Hudson  and  Marlborough  have  public  water  supplies ; 
and  one  of  them,  Framingham,  has  a  system  of  sewerage  for  its 
main  village,  by  which  the  sewage  is  purified  by  filtration  before 
heins  turned  into  the  stream.     The  main  river,  from  North  Billerica 
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to  its  mouth,  has  large  factories  upon  it,  but  elsewhere  in  the  valley 
the  factories  which  discharge  much  manufacturing  waste  into  the 
streams  are  comparatively  few.  The  more  important  ones  are  the 
woolen  mills  at  Saxonville  and  Maynard. 

Examinations  of  the  Assallet  Hiver  at  Northborough  have  been 
made  monthly  for  two  years,  with  a  view  to  determining  its  quality 
as  a  possible  future  source  of  water  supply  for  Boston  or  its  suburbs. 
Examinations  have  also  been  made  for  nearly  a  year  of  the  Concord 
Kiver  above  Lowell,  and  a  single  examination  has  been  made  of  the 
water  at  the  mouth  of  the  river.  In  addition  to  these  analyses, 
which  are  appended,  examinations  have  been  made  of  the  surface 
waters  in  the  basin,  and  are  given  in  the  preceding  portion  of  this 
report,  as  follows  :  — 

Boston,  Sudbury  River  and  Lake  Coehituate,  .        .         pages  38-52 

Concord,  Warner's  Pond, page  110 

Framingham,  Gleason's  Pond, page  131 

Framingham,  Leamed's  Pond, page  131 

Hudson,  Gates  Pond, page  161 

Marlborough,  Lake  "Williams, page  219 

Maynard,  White  Pond,       . "P^®  221 

Natick,  Dug  Pond, -       .     •  .        .  page  234 

Northborough,  Cold  Harbor  Brook  Reservoir,         .        .  page  258 

Sherbom,  Waushakum  Pond,    .....       ......  page  291 

Wayland,  Snake  Brook  Reservoir, page  339 

Westborough,  Sandra  Pond,      .        .        .        .        .        .  page  848 

Westborough,  Chauncy  Pond, page  351 


c 

^emica 

t  Examination  of 

Water  from  the  Assahet  River  below  Northborongh, 

[Parts  per  100,000.] 

DATS  OF 

Appbaiulmcb. 

Rksiddb  oh 

EVAFOftATIOK. 

Ammonia. 

1 

NiTBOOBSI 
AS 

& 

i 

f 

1 

3 

1 

4 

1 

i 

S 

£8 

^ 

i 

98 

June  14 

June  16 

Slight. 

Slight. 

0.00 

6.37 

2.42 

2.95 

.0032 

.0240 

II 
.27    .0130 

_ 

311 

July  12 

July  13 

Very  Blight. 

Very  slight. 

0.60 

6.82 

1.42 

3.90 

.0066 

.0240 

.23    .0130 

- 

624 

Aug.  11 

Aug.  12 

Slight. 

Slight. 

0.80 

6.36 

1.67 

3.68 

.0061 

.0303 

.29    .0030-    - 

II           ^ 

T44 

Sept.  12 

Sept.  13 

Distinct. 

Very  slight. 

0.50 ' 

4.85 

1.20 

3.65 

.0037 

.0238 

.30    .0030 

- 

952 

Oct.  13 

Oct.  14 

Distinct. 

Sll't,  earthy 
and  floc't. 

0.65 

5.40 

1.30 

4.10 

.0030 

.0324 

.32    .0100 

- 

1163 

Nov.  10 

Nov.  11 

Decided. 

Veryslight. 

0.30 

6.25 

1.05 

4.20 

.0018 

.0212 

.31    .0090 

- 

1307 

Deo.  14 

Dec.  14 

SUght. 

Sll't,  earthy 
and  floc*t. 

0.80 

4.70 

1.46 

3.25 

.0058 

.0238 

.27    .0080 

- 
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Chemical  Examination  of  Water  fnmt  the  Assabet  Biver  below  Northborough — Con. 


Datb  of 

Appbarancb. 

Rkridck  oh 

EVAPOBATIOK. 

Ammoxia. 

i 

1 

NiTROOBN 
▲  8 

1 

i 

.1 
il 

1 

i 
1 
1 

1 

1 

li 

1 

i 

il 

s 

1 

1 

s 

1830 

18 

Feb.  U 

Is.. 

Feb.  15 

VerysUght. 

8U*t,  white. 

0.60 

5.25 

1.60 

3.4» 

.0068 

.0360 

.28 

.0180 

.0000 

2017 

Mar.  15 

Mar.  16 

Slight. 

Veryalight. 

0.40 

4.35 

1.30 

3.05 

.0056 

.0274 

.23 

.0100 

.0001 

2243 

Apr.  18 

Apr.  19 

Slight. 

Veryalight, 

0.50 

8.10 

1.25 

1.85 

.0005 

.0416 

.17 

.0100 

.0002 

2435 

May  16 

May  17 

Slight. 

Veryalight. 

1.40 

4.35 

2.10 

2.25 

.0008 

.0348 

.15 

.0060 

.0000 

2599 

Judo  13 

Judo  14 

Vdryallght. 

Slight. 

0.70 

4.30 

1.25 

8.05 

.0018 

.0102 
.0182 

.12 

.0100 

.0003 

27B1 

July  18 

July  19 

Slight. 

Veryalight. 

0.40 

4.05 

1.20 

2.85 

.0010 

.0230 
.0210 

.23 

1 

.0020 

.0002 

2M9 

Aug.  16 

Aug.  16 

Very  slight. 

Veryalight. 

0.40 

4.70 

0.90 

3.80 

.0052 

.0214 
.0174 

.26 

1 

.0090 

.0002 

S221 

Sept.  19 

Sept.  20 

'  Slight. 

Slight. 

0.60 

5.00 

2.20 

2.80 

.0034 

.0308 
.0258 

.25 

.0100 

.0001 

S3S4 

Oct.  17 

Oct.  18 

Veryalight. 

Veryalight 

1.30 

4.35 

1.75 

2.83 

.0002 

.0210 
.0202 

.23 

.0080 

.0002 

8M9 

Xov.  14 

Nov.  IP 

'  VeryBllght. 

Veryalight. 

1.20 

4.50 

1.80 

2.90 

.0000 

.0238 
.0214 

.20 

1 

.0060 

.0000 

8702 
W57 

Dec.  12 

IS 

Jan.  16 

Dec.  13 

SO. 

Jan.  17 

XODO. 

Veryalight. 

Slight. 
Veryalight. 

0.55 
0.30 

8.55 
3.20 

1.30 
0.85 

2.25 
2.35 

.0000 
.0006 

.0140 

.0112 

.0142 
.0122 

.22 
.23 

.0080 
.0100 

0002 
.0002 

4049 

Feb.  20 

Feb.  21 

VoryaUght. 

Coneid'ble. 

0.40 

3.80   1.46 

2.15 

.0012 

.0193 
.0148 

.20 

.0100 

.0002 

4352 

Mar.  20 

Mar.  21  '  Veryillght. 

Veryalight. 

0.40 

3.10   1.20 

1.90 

.0004 

.0190 

.0156 

.21 

.0050 

.0002 

4525 

Apr.  17 

Apr.  18 

Slight. 

Slight. 

0.60 

3.75   1.55 

2.20 

.0016 

.0222 
.0206 

.21 

.0050 

.0001 

4671 

May  15 

May  16 

Slight. 

81i't.rcdMah  1.00 
brown. 

4.85  1.70 

2.95 

.0030 
.0027 

.0252 
.0235 

.0249 

.19 
.23 

.0060 
.0083 

.0002 

Ay. 

1 

0.67 

4.84 

1.52 

3.32 

.0001 

1 

Uardneaa  in  May,  1838, 1.6.  Odor,  faintly  vegetable.  —  The  aamplea  were  collected  from  the  river 
at  Wooda'  Mill  Fond  about  one  mile  below  the  village  of  Northborough.  No.  08  was  collected  five  feet 
beneath  the  surface.^ 

Microscopical  Examination, 


1888.                              1 

1880. 

Jane. 

July. 

Aug.' Sept. 

Oct   Nov. 

Dec. 

Jan. 

Feb. 

Mar.' Apr. 

May. 

1.  Blue  green  Algas,  .... 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

2.  Other  Algae, 

0.8 

1.3 

1.7 

1.3 

0.1 

0.0 

0.2 

0.3 

3.4 

0.3 

0.2 

0.6 

3.  Fungi,      .        .        .        .        • 

0.5 

0.3 

0.1 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forma,       .... 

0.0 

3.6 

0.8 

pr. 

0.0 

0.0 

0.0 

0.0 

0.1 

pr. 

0.0 

0.3 

Groups  and  principal  genera  of  organlsma  obacrved:    1.  Cyanophycesa.    2.  ralracUaeeffi;  Zoo< 
■poreie;  Deemidiaceaa;  Diatomaces,  Synedra,  Tubellaria;  Zygnomaceaa.  8.  SchUomycetea.  4.  Protozoa. 


Digitized  by 


Google 


414 


WATER  SUPPLY  AND  SEWERAGE. 


[Dec- 


Chemical  Examination  of  Water  from  the  Assabet  Biver  at  Maynard, 

[Parts  per  100.000.] 


Datk  of 

1       Rksiddr  oh 
.     Evaporation. 

AmOMIA. 

1 

i 

NlTBOGSa 

Aa 

1 

1 

5 

J 

il 
5 

s 

1 

1 

1 

i 

i 
g 

i 

A 

< 

s 

S 

4386 

1 
18  AO. 

Mar.  ]8   Mar.  20 

1 

SUght. 

Slight. 

0.3 

,'•" 

1.15 

2.25 

.0000 

II 

.0166  !    .M 

.0146  !| 

.0050 

.0002 

Odor,  faintly  vegetable. The  aample  waa  collected  from  the  miU  pond  of  the  Aaaabet  MAnn- 

factuilng  Compnoyi  Just  above  the  bridge  9X  ICaynard. 


Chemical  Examination  of  Water  from  the  Concord  River  at  Lawrence  Street 

Bridge^  Lowell. 

[Parts  per  100,000.] 


- 

Date  or 

Apfrarakck. 

RasinUB  o!f 
Evaporation. 

AMMdilA. 

i 

•c 

NiTROGear 

AS 

1 
i 

1 

1 
3 

Exam- 
ination. 

1 
1 

j 

i 
a 

1 

i- 

i 

1 

A 

< 

1 

}^ 

2W1 

I8*8«. 
Aug.  16   Aug.  17 

i 

Very  alight. 

Verysllght. 

0.30 

4.86 

1.05 

8.80 

.0034 

.0224 
.0220 

.34 

1 

.0050 

.0003 

3231 

Sept.  20  Sept.  21 

1 

Very  slight. 

Sli't.brown. 

0.50 

5.60 

2.00 

3.60 

.0030 

.a3io 
.0264 

.39 

.0030 

.0007 

3401 

Oct.  18   Oct.  19 

1                 1 

Very  slight. 

Slight. 

1.80 

5.30 

2.30 

8.00 

.0002 

.0266 
.0262 

.29 

.0080 

.0003 

8559 

Nov.  15   Nov.  IG 

Slight. 

SlPt,brown. 

1.00 

4.60 

1.85 

2.75 

.0004 

.0272 
.0224 

.29 

.0150 

.0001 

3785 
3872 

Dec.  20   Dec.  22 

1880. 

Jan.  17   Jan.  19 

Decided. 

RHght. 
milky. 

Con.,e'rthy 
and  floc*t. 

Verysllght. 

0.40 
0.35 

8.05 
8.35 

1.00 
1.10 

2.05 

1 

2.25 

.0000 
.0000 

.0206 
.0142 

.0148 
.0140 

.191 

1 

.28 

.0060 
.0070 

.OOOS 
.0003 

4088 

Feb.  21   Fob.  23 

j 

Slight. 

Slight. 

0.30 

5.75 

1.45 

4.30 

.0000 

.0138 
.0126 

.29' 

.0220 

.OOOi 

4372 

Mar.  21 '  Mar.  22  ,  Distinct. 

1 

Slight. 

0.30 

8.55 

1.20 

2.85 

.0000 

.0240 
.019* 

.30 

.0050 

.0003 

4535 

Apr.  18 ,  Apr.  19 

Dlslinct. 

Slight. 

0.70 

1 
4.15 

1.40 

2.75 

.0022 

.0236 
.0222 

.31 ; 

.0040 

.0002 

4604 

May  18  '  May  20 

Slight. 

Consld'ble. 

0.90 

4.65 

1.90 

2.75 

.0098 
.0019 

.0330 
.0254 

.30 

i 

1 

.30 

i 

.0040 

.0003 

Av. 

1 

0.65 

4.48 

1.52 

2.96 

.0237 
.0205 

.0084 

.0003 

1 

Odor,  faintly  vegetable  and  mouldy. The  samples  were  collect- d  from  the  river  at  Lawrence 

Street  bridge,  near  Blcachory  Station,  on  the  Boston  and  Maine  llailroad. 
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Mieroteopieat  Examination. 


1888. 

1889. 

Aug. 

Sept. 

Oct 

Nov. 

Dee. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  BIne-p«eD  Algn,      .«..•. 

0.0 

pr. 

0.0 

pr. 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

2.  OtherAlgtt, 

0.1 

0.5 

pr. 

2.4 

1.2 

1.0 

0.2 

0.0 

2.0 

1.8 

8.  Fungi 

pr. 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forma, . 

pr. 

pr. 

0.0 

1.2 

0.4 

pr. 

0.0 

0.2 

0.0 

0.0 

Groups  and  principal  genera  of  organlama  observed:  1.  Cyaoophycete.  2.  Palmellaoen;  Zoo. 
aporesB;  Deamidlaeen ;  Diatomacee,  Synedra^  Tabellaria;  Zygnemacen;  VolFoclnen.  S.  Bchizo- 
mycetee.    4.  Protozoa,  Dinobryon;  Bponglarla ;  Rotlfera. 


Chemical  Examination  of  Water  from  the  Concord  River,  at  its  Mouth,  in  LowelL 

crafts  per  100,000.] 


Dati  of 

Appbaramcb. 

Rksidck  oh 

EVAPOBATION.      1 

AjmoMiA. 

6 

XlTKOOKN 
AS 

» 

1 

f 

1 

1 

§1 

1 

1 

< 

2 

1 

1214 

18 

Not.  17 

87. 
Nov.  18 

Distinct, 

Con..e*rthy 
and  floo't. 

0.8 

7.05 

2.35 

4.70 

.0074 

.0376 

.56 

.0100 

- 

Odor,  faintly  monldy. The  sample  was  collected  from  the  river  below  the  last  bridge,  and  near 

the  lower  end  of  the  retaining  wall  on  the  south  bank.  • 


Connecticut  River. 
The  Connecticut  River  rises  in  the  Connecticut  lakes,  in  the 
extreme  northern  portion  of  New  Hampshire,  and  flows  in  a 
southerly  direction,  forming  the  boundary  between  New  Hampshire 
and  Vermont,  to  the  Massachusetts  State  line;  then  continues  in 
the  same  direction  through  this  State  and  Connecticut,  and  empties 
into  Long  Island  Sound.  Its  basin  is  long  and  narrow,  the  greatest 
width  being  about  60  miles,  in  Massachusetts,  while  its  average  width 
is  about  40  miles.  The  fall  of  the  river  in  the  upper  part  of  its 
course  is  very  rapid.  In  Massachusetts  the  river  falls  41  feet  at 
Turner's  Falls  and  59  feet  at  Holyoke.  These  are  the  only  falls  in 
Massachusetts,  and  both  are  extensively  used  for  power,  the  latter 
being  the  largest  developed  water  power  in  the  United  States.  In 
Connecticut,  at  Windsor  Locks,  a  short  distance  below  the  Massa- 
chusetts line,  the  river  falls  about  30  feet  and  reaches  tide*water. 
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Owing  to  the  size  of  the  drainage  area  and  the  large  amount  of 
storage  in  it,  the  summer  flow  of  the  river  is  large.  The  lowest 
discharge  at  Hartford  from  gaugings  from  1871  to  1878  was  at  the 
rate  of  5,208  cubic  feet  per  second,  equal  to  0.51  of  a  cubic  foot  per 
second  per  square  mile.  The  river  has  since  been  somewhat  lower. 
The  upper  portion  of  the  drainage  area  in  New  Hampshire  and 
Vermont  is  mountainous.  In  Massachusetts,  particularly  on  the 
easterly  side  of  the  basin,  mountains  give  place  to  ranges  of  high 
hills.  In  the  immediate  vicinity  of  the  river  in  this  State  there  are 
broad  intervales.  The  following  table  gives  statistics  of  the  drain- 
age area  and  population  at  three  points  on  the  river :  — 


LOCALITT. 

Drainage 
Area. 

Population 
(1880;. 

Population 
Iter 

Sq.  Mites. 

Square  MQe. 

Conneclioat  River  above  Tamer's  Falls, 

CoDoecticut  River  above  Windsor  Locks,  Conn.,    .... 
Connecticnt  River  at  month, 

6,902 
9,847 
11,269 

^217,033 
440,641 
637,175 

SI 
47 

NoTB. The  dralnnge  areas  at  Turner's  Falls  and  Windsor  Locks  are  taken  from  the  United 

States  Census  of  18S0,  Volume  XVI,  Water  Power.    Both  the  drainage  area  and  the  population  at  the 
mouth  are  taken  directly  from  the  United  States  Census  of  1890,  Volume,  Population,  p.  llv. 


It  will  be  «een  from  this  table  that  the  population  per  square  mile 
above  Turner's  Falls  is  vejy  small,  and  increases  at  the  lower  points. 
It  is  not,  however,  high  at  any  point  in  Massachusetts,  as  compared 
with  other  rivers  in  the  State.  The  cities  of  Northampton,  Holyoke 
and  Springfield,  and  the  town  of  Chicopee,  which  had  in  1888  an 
aggregate  population  of  about  97,000,  are  located  on  the  river  within 
a  distance  of  19  miles.  These  places  all  discharge  their  sewage  di- 
rectly into  the  river  or  its  tributaries ;  but  the' volume  flowing  in  the 
river  is  so  great  that  the  effect  is  not  very  noticeable  a  few  miles 
below  Springfield,  except  by  chemical  analysis.  The  stream  is, 
however,  too  much  polluted  to  permit  its  use  as  a  source  of  domestic 
water  supply. 

Examinations  of  the  water  of  the  river  were  made  monthly  from 
June,  1887,  to  May,  1889,  above  Turner's  Falls  and  below  Spring- 
field, and  the  results  are  appended.  A  description  of  the  main 
tributaries  of  the  Connecticut  River  in  Massachusetts,  namely,  the 
Chicopee,  Miller's,  Westfield  and  Deerfield  rivers,  may  be  found  in 
alphabetical  order  in  this  portion  of  the  report. 
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CSiemieal  Examination  of  Water  from  the  Connecticut  Biver,  above  Turner^s 

Falls,  in  Montague. 

CParU  per  100,000.] 


DATS  OF 

Rrsidcb  ow 

EVAPURATIOX. 

Ammohia. 

.J 

KrrnooBN 

AS 

5 

j 

ji 

f 

1 

1 

1 

1 

1 

< 

£ 

Z 

73 

1ft 

Jane  9 

87. 
Jane  11 

„ 

0.40 

6.30 

2.00 

4.30 

.0064 

.0197 

.13 

.0070 

_ 

282 

jQly    7 

Jaly    8 

SUffht. 

Con.,brown. 

0.40 

6.25 

1.60 

4.75 

.0025 

.0115 

.09 

.0030 

_ 

48e 

Aag.  4 

Ang.  6 

Slight. 

Con.,brown. 

0.80 

6.60 

1.55 

4.95 

.0022 

.0180 

.08, 

.0070 

- 

720 

Sept.  7 

Sept.  9 

Slight. 

Sll't,  earthy 
and  floc't. 

0.25 

6.72 

0.65 

6.07 

.0033 

.0107 

.13 

.0070 

' 

toi 

Oct.     6 

Oct.    8 

Diatlnct. 

Slight. 

0.30 

6.56 

0.90 

6.65 

.0046 

.0123 

.13 

.0090 

- 

1M5 

Dee.    6 

Dee.   8 

Blight. 

Con.,brown. 

0.75 

6.60 

1.60 

4.00 

'.0025 

.0109 

.12 

.0180 

- 

1M2 

18 

Jan.    6 

88. 
Jan.    6 

SUght. 

Slight. 

0.40 

6.15 

0.90 

4.25 

.0000 

.0116 

.08 

.0120 

. 

183« 

Feb.  14 

Feb.  15 

Slight. 

Slight. 

0.15 

6.10 

1.10 

6.00 

'.0028 

.0239 

.13 

.0250 

2038 

Mar.  16 

Mar.  19 

Slight. 

Sirt,  white. 

0  20 

6.66 

0.85 

4.80 

.0000 

.0083 

.10  |.0180'.(S001 

2216 

Apr.  12 

Apr.  14 

Dlatlnot. 

Con.  earthy 
and  floc't. 

0  10 

740 

1.00 

6.40 

,.0000 

.0122 

.09 

.0100  .0001 

2412 

May  11 

May  14 

DiBtlnct. 

Con.  earthy. 

0.30 

8.10 

1.30 

6.80 

.0003 

1 

.0126 

.06 

.0120  .0001 

2776 

Jnly  11 

July  14 

Slight. 

Sli%  white. 

0.15 

6.10 

0.95 

5.15 

.0020 

.0142 
.0120  1 

.09 

.0020 '.0001 

! 

2M0 

Aug.  U 

Aug.  16 

Slight. 

Verysllght. 

0.20 

6.40 

1.15 

"i.ooio 
5,25, 

.0138 
.0118 

.10 

.0070  .0002 

3212 

Sept.  18 

Sept.  19 

Veryilight. 

Slight. 

0.20 

5.70 

1.15 

4.55 

.0004 

.0126 

.0112 

1 

.10 

.0050 '.0002 

1 
1 

3875 

Oct.  16 

Oct.  17 

Slight. 

Slight. 

0.60 

5.20 

1.30 

8.90 

.0154 

.01S2 ! 
.0122, 

.18 

.0250 

.0018 

3103 

Not.  22 

Nov.  23 

Slight. 

Con.  earthy 
and  fluc'i. 

0.35 

4.75 

1.45 

3.30 

.0032 

.01  .",8 ! 
.01161 

.09 

1 

.0160 

.0007 

8780 
8397 

Dec  19 

18 

Jan.  21 

Dec.  22 

89. 

Jan.  23 

Decided. 
DiBtinet. 

Con.  earthy 
and  floc't. 

He'vy.light 
brown. 

0.25 
0.20 

8.60 
4.15 

0.95 
0.75 

2.65 
3.40 

.0010 

'.0014 

1 

.0176 
.0128 

.0130 ' 

.0068 

.07 
.10 ' 

.0150  .0004 
.0120  .0001 

4135 

Feb.  25 

Feb.  27 

Verysllght. 

Slight. 

0.10 

5.40 

0.70 

4.70 

.0002 

.0070 
.0070 

.12 

t 

.0200 

.0001 

4419 

BCar.25 

Mar.  28 

SUght. 

Con.  earthy 
and  floc't. 

0.10 

4.10 

0.55 

8.45 

.0004 

.oofla 
.0064 

.06  1.0150 

.0001 

4585 

Apr.  23 

Apr.  27 

DlBtinct. 

H'vy  earthy 
and  floc't. 

0.30 

3.75 

i.to 

2.55 

.0016 

.0204 
.0128 

.04!'. 0150 

1 

.0004 

Av. 

0.80 

t          , 

•    6.88    1  -20 

jl 
8.18  •  .005.'» 

.0140 

.10     ni'**!  Loftfts 

1 

1 

1 

Hardness  In  May,  1888,  2.0.  Odor,  very  faintly  vegetable. -~— The  samples  were  collected  from  the 
river  above  the  bridge  at  Turner's  Falls.  At  the  time  samples  numbered  486,  2412  and  8212  were  col- 
lected, the  river  was  quite  high  on  account  of  heavy  rains. 
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Microscopical  Examination, 


[Dec. 


1888.                          1 

1889. 

July. 

Ang. 

Sept 

Oet 

Not 

Dec. 

Jan. 

Feb. 

Mar.  Apr. 

1.  Blue-green  Algie, 

0.0 

0.0 

pr. 

pr. 

0.0 

- 

0.0 

0.0 

0.0 

0.0 

2.  Other  Alga, 

37.3 

8.6 

8.2 

1.7 

1.1 

- 

0.2 

0.6 

0.4 

0.6 

3.  Fangi, 

1.6 

0.0 

pr. 

pr. 

pr. 

- 

0.0 

0.0 

0.0 

pr. 

4.  Animal  Forma, 

15.6 

0.1 

pr. 

pr. 

0.0 

- 

0.0 

0.0 

0.1 

0.0 

Oronpaand  principal  genera  of  organism!  observed :  1.  Cyanophyceaa.  2.  Palmellacee;  Zoosporejn, 
ScenedetmuJi ;  Desmidiaceie ;  Diatomacese,  yavieula,  Synedra.  8.  SchlsomyceteB,  Crenothrix, 
4.  Protozoa,  Dinobryon. 

ChemiccU  Examination  of  Water  from  the  Connecticut  River  at  Holyoke, 

[Parte  per  100,000.] 


Datk  of 

ArPEABAKCB. 

Rrmddb  ow 

EVAPOBATIOH. 

Almoin  A.. 

j 

NiTKOGBX 
A8 

^ 

1 

1 

i 

1 

«i 

1 

1 

1 

1 

ll 

< 

i 

1 

1 

4221 

is'sa. 

U«r.   6   Mar.   6 

Blight. 

Slight. 

0.1 

4.86 

0.70 

•■" 

.0002 

.0078 
.0064 

.12 

.0200 

.0001 

Odor,  very  faint  or  none. The  aample  was  collected  from  the  river  above  the  dam. 

Cliemical  Examination  of  Water  from  the  ConnecticiU  River  below  Springfield. 

[Parts  per  100,000.] 


Date  of 

Afpkarancs. 

Rbsiddb  on 
Evapokatiom. 

Amxowia. 

i 

1 

l«ITROGBX 
AS 

s, 

§ 

3 

i 

6 

I 

§1 

1-^ 

i 

1 

|l 

s 

1 

55 

i 

TSfl 

18 

June  25 

87. 
June  27 

Decided. 

Much. 

0.30 

10.06 

1.17 

9.78 

.0030 

.0261 

.16 

.0130 

. 

806 

July  25 

July  25 

Decided. 

Heavy, 
earthy. 

0.50 

- 

- 

.0039 

.0800 

.14 

.0130 

- 

613 

Ang.  24 

Aug.  26 

Decided. 

Heavy, 
earthy. 

0.80 

- 

- 

• 

.0028 

.0286 

.11 

.0070 

- 

1060 

Oct.  27 

Oct.  28 

Distinct. 

Con.,o'rthy 
and  iloc't. 

0.80 

6.00 

1.20 

4.80 

.0061 

.0190 

.21 

.0070 

- 

1341 

Dec.    6 

Dec.    7 

Distinct. 

Con.,e'rtby 
and  floc't. 

0.40 

5.60 

1.20 

4.40 

.0016 

.0161 

.16 

.0160 

- 

1486 
1680 

Dec.  27 

18 

.Jan.  25 

Deo.  28 

88. 
Jan.  26 

Slight. 
Decided. 

Sli't,  earthy 
and  floc't. 

Sli't,  e'rthy. 

0.35 
0.40 

6.10 
7.00 

1.00 
1.45 

4.10 
6.65 

,.0110 

'.0253 

1 

.0176 
.0271 

.19 
.22 

.0120 
-0370 

.0001 

1812 

Feb.  13 

Feb.  14 

Distinct. 

Con.,e*rthy 
and  floc't. 

0.30 

6.16 

1.35 

4.80 

.0274 

.0204 

.34 

.0260 

.0005 
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Chemical  Excmiination  of  Water  from  the  ConnectieiU  River  below  Spring- 
field —  Concluded. 


DATS  OF 

Appbasanob. 

RasiDint  o« 

EVAK)«ATIOH. 

Akkokia. 

J 

NrrROOBH 

AS 

1 

1 

P  i 

1 

1 

1 

1 

§1 

1^ 

1 

1 

< 

s 

s 

1         is'ss.       1 

2M9;Mar.  19.Mar.20| 

DisUnet. 

Slight. 

0.25 

4.85 

0.55 

8.80 

.0058 

.0136 

.18 

.0160 

.0008 

2213 

Apr.  13 

Apr.  14 

Dlftinet. 

Con.,e»rthy 
and  floc*t. 

0.20 

6.90 

1.40 

5.60 

.0066 

.0236 

.16 

.0160 

.0008 

2641 

Jane  20 

Jane  21 

DUtinct. 

Con.,whlte. 

0.40 

5.10 

1.05 

4.05 

.0056 

.0174 
.0182 

.11 

.0090 

.0001 

2774 

July  12 

Jaly  14 

1 

SUght. 

Slight. 

0.16 

8.60 

0.75 

5.86 

.0016 

.0184 
.0146 

.16 

.0060 

.0002 

2994 

Aug.  20 

Aug.  21 

SH^t. 

SUght. 

0.15 

5.86 

0.75 

5.10 

.0062 

.0224 
.0170 

.19 

.0060 

.0004 

3223 

Sept.  19 

Sept.  20 

Dietlnct. 

Con.,e'rthy 
and  floo't. 

0.80 

5.40 

1.50 

8.90 

.0026 

.0196 
.0156 

.16 

.0070 

.0002 

3404 

Oct.  18 

Oct.  19 

Dbttoct. 

Oon.,e'rthy 
and  floc't. 

0.60 

4.46 

1.60 

2.85 

.0012 

.0140 
.0118 

.10 

.0080 

.0003 

8585    Nov.  21 

1 

Nov.  22 

Distinct. 

Con..e'rthy 
and  floc't. 

0.50 

4.65 

1.80 

2.86 

.0032 

.0172 
.0134 

.18 

.0150 

.0002 

3754 
8813 

Dec.  17 

IS 

Jan.  23 

Doc.  20 

89. 
Jan.  24 

Decided. 
SllH,ni11ky. 

H»v7,e;rthy 
and  floc't. 

SUt,e»rthy. 

0.40 
0.20 

8.85 
8.85 

1.00 
1.20 

2.35 
2.65 

.0028 
.0044 

.0216 
.0138 

.0142 
.0120 

.10 
.16 

.0120 
.0150 

.0003 
.0003 

4151 

Feb.  27 

Feb.  28 

Dietlnet. 

SIt*t»  earthy 
and  floo't. 

0.20 

5.46 

1.25 

4.20 

.0206 

.0208 
.0168 

.34 

.0220  .0008 

t 

4416 

Mat.  27 

Mar.  28 

Slight. 

H'vy.e'rthy 
and  floc't. 

0.20 

4.20 

0.95 

3.25 

.0004 

.0186 
.0136 

.12 

.0160  .0002 

4739 ;  May  24 

1 

May  25 

Distinct. 

Oon.,e'rthy. 

0.40 

5.30 

1.75 

3.55 

.0076 

.0248 
.0212 

.19 

.0090  .0007 

i 

Av. 

0.35 

6.51 

1.16 

5.35 

.0074 

.0209 

.17 

.0134  .0003 

i 

Odor,  faintly  vegetable  and  mouldy. The  samples  were  collected  from  the  river  at  the  south  end 

bridge  below  Springfield.   There  were  heavy  rains  Just  previous  to  the  collection  of  the  first  three  samples. 


Microscopical  Examination, 


ISM. 

1S89. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan.  1  Feb. 

! 

Mar. 

May. 

1.  Blue-green  Alg», 

P. 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0     0.0 

1 

0.0 

0.0 

2.  Other  Algss 

7.3 

2.2 

1.4 

1.4 

0.4 

0.4 

15.6 

pr. 

0.1 

1.8 

10.9 

8.  Fungi 

0.0 

5.0 

0.1 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms, 

"• 

0.4 

pr. 

0.0 

0.0 

0.0 

0.0 

1 

0.0 

0.0 

0.0 

0.0 

Oroupa  and  principal  genera  of  organisms  observed:  1.  CyanophyoeiB.  2.  Palmellaceie ;  Zoo- 
sporese,  Scenedeamun;  Desmidlacese ;  Dlatomacee;  Meloaira,  Synedra.  3.  Sehizomycetes,  Orenothrtx, 
4.  Protoioa;  Eotomostraca. 
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Deehfield  River. 

The  Deerfield  River  rises  in  Stratton,  Vt.,  25  miles  north  of  the 
Massachusetts  State  line,  and  flows  in  a  generally  southerly  direc- 
tion to  a  point  opposite  the  mouth  of  Hoosac  Tunnel,  where  it 
curves  to  the  east  and  flows  in  a  circuitous  course  to  the  Connecticut 
River,  opposite  Turner's  Falls.  The  watershed  is  rugged  and  moun- 
tainous, and  the  fall  of  the  river  very  rapid  throughout  nearly  all 
of  its  course.  There  are  very  few  ponds  on  the  watershed,  and  the 
flow  of  the  river  is  subject  to  great  fluctuations. 

A  careful  examination  of  the  Deerfield  River  was  made  by  the 
State  Board  of  Health,  Lunacy,  and  Charity  in  1880,  the  results  of 
which  may  be  found  in  the  supplementary  report  of  the  Board 
for  that  year  (pp.  3-11). 

This  examination  showed  that  the  river  was  not  much  polluted  in 
1880,  and  as  there  has  been  but  little  change  in  the  amount  of  popu- 
lation or  manufacturing  in  the  valley  since  that  date,  the  river  has 
not  been  re-examined.  A  summary  of  the  results  then  obtained  is 
given  below. 

Drainage  area  at  mouth  of  river,  660  square  miles.  Population  on 
drainage  area  in  1880,  23,951.  Population  per  square  mile  in 
1880,  36. 


MASUrACTUKES. 


Ifamber. 


Operatives 
employed. 


Woolen  mills, 

Cotton  mills,  .... 

Tanneries 

Cutlery  works, 
Machine  shops  and  foundries, 
Gas  works,    .... 
Totals 


H2 
484 
60 
S90 
246 
2 


1,293 


HoosAc  RrvER. 
The  Hoosac  basin  occupies  the  north-western  comer  of  the  State, 
and  its  drainage  area  above  where  it  crosses  the  State  line  into  Ver- 
mont is  195.2  square  miles.     The  main  river  is  formed  at  Noi-th 
Adams  by  the  confluence  of  the  north  and  south  branches,  and  flows 
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thence  in  a  generally  north-westerly  course,  and  finally  empties  into 
the  Hudson  River  opposite  Stillwater,  in  New  York.  The  south 
branch  rises  in  Cheshire  and  Lanesborough,  and  flows  in  a  northerly 
direction  to  its  confluence  with  the  north  branch  at  North  Adams. 
At  its  head  is  located  the  Cheshire  Reservoir,  said  to  have  an  area  of 
from  600  to  700  acres.  The  reservoir  can  be  drawn  down  from 
seven  to  eight  feet,  and  is  used  to  increase  the  flow  of  this  branch 
in  dry  seasons.  The  north  branch  rises  in  Vermont,  and  flows  with 
a  rapid  fall  in  a  southerly  and  south-westerly  direction  to  the  con- 
fluence. There  is  a  reservoir  on  this  branch  in  the  town  of  Clarks- 
burg, having  an  area  of  44  acres,  which  can  be  drawn  down  eight 
feet. 

On  the  main  stream  there  are  four  dams  within  the  State  of 
Massachusetts,  at  which  there  is  a  total  fall  of  64  feet. 

The  south  branch  and  main  stream  flow  through  a  broad  valley, 
not  much  above  the  river  and  generally  under  cultivation. 

Outside  of  these  valleys  the  watershed  in  Massachusetts  is  rugged 
and  mountainous,  the  steep  slopes  being  generally  well  wooded. 
Limestone  is  abundant,  and,  as  a  consequence,  the  waters  of  this  basin 
are  generally  much  harder  than  those  in  the  easterly  section  of  the 
St^te. 

Nearly  all  of  the  population  of  the  valley  in  Massachusetts  is  in 
four  towns,  as  follows  :  — 


TOWN. 

Population. 

1S80. 

1883. 

North  AdamVi    t       •       •       t       . i       .       . 

10,191 
6,501 
8,394 
1,837 

12,540 
8,288 
8,729 
1,448 

Adams, 

WllUaautown, 

Cheshire, 



Total,   . 

20,718 

26,000 

All  of  these  towns  have  public  water  supplies,  but  none  are  com- 
pletely sewered.  North  Adams  has  the  largest  number  of  sewers, 
and  turns  a  large  and  increasing  amount  of  sewage  directly  into  the 
river ;  and  the  many  large  factories  on  the  stream  generally  adopt 
the  same  method  of  disposing  of  their  wastes. 
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The  following  table  gives  statistics  in  relation  to  drainage  areas 
and  population  at  different  points  on  the  main  stream  and  its 
branches :  — 


Distance 

above 

State  Line. 

MUe«. 


Drainage 
Area. 

6q.  Miles. 


Population 
(1886). 


Popalatiom 
•    per 
Square  Hile. 


South  Branch,  about  two  milet  below  Adams, Juat  at 
end  of  UU  noe  from  mill  of  Renfrew  Maoorg  Co., 

South  Branch,  at  bridge,  about  two  mllea  south  of 
North  Adams, 


South  Branch,  at  mouth 

North  Branch,  at  mouth,       .... 

Total  at  eonfluenee, 

Hoosac  River,  at  Braytonvllle,  North  Adams, 
Hoosao  River,  at  Williamstown,  . 


13.7 
11.2 


7.7 
7.0 
2.8 


02.7 

07.2 
74.8 
42.4 
110.7 
117.6 
176.» 


10,028 


100 


23,130 
20,758 


107 

152 


An  examination  of  the  Hoosac  Valley  was  made  by  the  State 
Board  of  Health  in  1877,  and  printed  in  the  ninth  annual  report  of 
the  Board  (pp.  28-38).  The  following  table,  containing  a  sum- 
mary of  the  manufactures  in  the  Hoosac  basin  at  that  date,  is  taken 
from  page  35  of  that  report :  — 


HANDFACTUBBS. 


Operatives 
Employed. 


Cotton  mills,  . 
Woolen  mills, 
Paper  mills,  . 
Tanneries, 
Gas  works,  . 
Acid  works,  . 
Printworks,  . 
Totals,      . 


17 
0 
3 
3 
2 
2 
2 


2,009 

000 

210 

21 

6 

14 

46S 


8,713 


Examinations  of  samples  of  water  collected  from  the  river  at 
Williamstown  were  made  monthly  from  June,  1887,  to  May,  1889. 
A  special  examination  was  also  made  of  the  river  at  several  points 
in  September,  1888.  The  results  of  all  of  these  examinations  are 
given  in  the  appended  tables  of  analyses,  and  the  results  of  the 
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special  examination  are  also  indicated  on  the  map  on  page  423, 
which  shows  by  the  figures  in  the  squares  the  amount  of  free 
ammonia,  chlorine,  and  nitrogen  as  nitrites.  It  will  be  seen  that 
there  is  a  progressive  increase  in  the  amount  of  these  constit- 
uents as  a  result  of  the  sewage  and  factory  wastes  turned  into  the 
stream  at  Adams  and  North  Adams.  This  increase  of  contamina- 
tion, however,  does  not  continue  as  far  as  Wiliiamstown,  the  char- 
acter of  the  river  water  at  this  place  being  better  than  just  below 
North  Adams,  a  result  due  in  part  to  the  dilution  of  the  polluted 
water  by  the  purer  water  of  the  Green  River.  On  the  day  after 
this  special  examination,  between  the  hours  of  3  and  4  p.m.,  the  flow 
of  the  south  branch,  at  a  point  between  Adams  and  North  Adams, 
where  the  drainage  area  is  67.2  square  miles,  was  measured  with  a 
current  meter,  and  found  to  be  97.5  cubic  feet  per  second,  equal  to 
1.4  cubic  feet  per  second  per  square  mile.  No  opportunity  was 
found  for  making  a  trustworthy  measurement  at  this  time  on  either 
the  north  branch  or  the  main  river. 

The  Hoosac  River  at  Wiliiamstown  is  shown  by  the  analyses  to  be 
polluted  to  a  considerable  extent,  although  not  so  much  as  might 
bo  expected  from  its  dark  appearance,  which  is  caused  for  the  most 
part  by  the  spent  dye  liquors  discharged  into  it.  The  pollution  is 
rapidly  increasing,  however,  owing  to  the  increase  of  population 
and  manufacturing,  the  sewage  being  discharged  directly  into  the 
stream. 


Chemical  Examination  of  Water  from  Cheshire  Reservoir  in  Cheshire, 

[Parts  per  100,000.] 


Datx  of 

Appbaravcb. 

Rrsiduk  on            ..^^„,. 
KVAPOBATION.           AMMOHIA. 

1 

1 

NlTKOGEJf 

1 

i 

J 

I' 

^ 

1 

1 

1 

ji 

Fixed. 
Free. 

1 

ll 

< 

s 
1 

S 

8281 

18 

Sept.  27 

Sept.  28 

Distinct. 

811H,brown. 

0.2 

8.35 

1.90 

.0008 
8.45 

.0262 
.0180 

.09 

1 

.0030 

.0001 

Odor,  faintly  earthy. The  sample  was  collected  from  the  Cheshire  reservoir  near  the  outlet. 

This  reservoir  is  at  the  head  of  the  soath  branch  of  the  Hoosac  Uiver. 


Microscopical.  Examination, 

September,  1888.    1.  Blae-green  alga,  pr.;  2.  Other  algaB,  0.5;  3.  Fungi,  0.0;  4.  Animal  forms,  OjS. 
Qroops  and  principal  genera  of  organisms  observed :    1.  CyanophyoesB.    2.  Zoosporass;  Diatom. 
aceie;  Desmidiacesa.    4.  Protozoa. 
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(^emieal  Examination  of  Water  from  the  South  Branch  of  the  Soosao  River  at 
Ber^rew,  between  Adam*  and  North  Adams. 

[Parts  per  100,0OO.J 


DATS  or 

ArPSAKAXCX. 

Bbuddb  ow 
Evaporation. 

Ammonia. 

1 

NiTSoasM 

AS 

1 

u 

f 

1 

1 

1 

il 

1 

1 

|1 

i 
1 

»5 

^ 

SOM 

sooo 

8061 
8002 

18 

S«pt.  4 

Sept.  4 
Sept.  4 
Sept.  4 

Sept.  0 
Sept.  6 
Sept.  0 
SepL  « 

SUght. 
Slight. 
SUght. 
Slight. 

Con.,  dark. 
Sli't,  dark. 
Sli*t,  dark. 
SU't,  dark. 

o.ao 

0.20 
0.35 
0.20 

11.95 

12.56 
11.46 

11.90 

11.90 

1.46 

l.TO 
1.55 

1.55 

1.85 

10.50 

10.85 
9.90 

10.85 

10.05 

.0082 
.0054 
.0022 
.0010 

.0274 
.0158 

.0248 
.0152 

.0226 
.0152 

.0248 
.OlM 

.16 
.16 
.14 
.14 

.0200 
.0180 
.0220 
.0120 

.0008 
.0006 
.0008 
.0006 

Av. 

. 

0.24 

11.80 

1.60 

10.20 

.0030 

.0249 
.01M 

.15 

1 

.0180 

.0006 

Hardoeaa  of  aU  saraples,  10.4.  Odor,  very  faintly  vegetable. '-—  The  Bamples  were  collected  from 
the  south  branch  of  the  Hoosac  River,  just  below  the  outlet  of  the  tall  race  from  the  Renfrew  Manufactur- 
iog  Company's  mill,  each  sample  being  collected  from  many  points  in  the  width  of  the  stream.  Samples 
were  collected  in  the  order  of  the  numbers  at  2, 3, 4.15,  and  5  p  jc. 


ChemicaX  Examination  of  Water  from  the  South  Branch  of  the  Hoosac  River,  at  its 
Confluence  wUh  the  North  Branch  in  North  Adams. 

[Parts  per  100.000  ] 


Datb  of 


Appbaiumos. 


I 


Rrsidub  on 
evapobation. 


NlTBOGBN 
AS 


8083 
8004 
8065 

8006 


19 

Sept.  4 

Sept.  4 
Sept.  4 
Sept.  4 


88. 

Sept.  6 

Sept.  6 
Sept.  6 
Sept.  6 


Ay. 


Slight. 
Slight. 
SUght. 
SUght. 


Con.,  dark 
brown. 

Con.,  dark 
brown. 

Con.,  dark 
brown. 

Con.,  dari: 
brown. 


0.10 
0.10 
0.10 
0.15 


15.20 
13.10 

18.05 

12.95 

12.85 


2.15 
1.80 

1.80 

1.95 

2.15 


13.05 
11.80 


11.15 
11.00 
10.70 


0104 
.0042 
0016 
0022 


.0186 
.0118 

.0182 
,0124 

,0170 
0132 

.0106 
.0118 


0.11 


12.89 


1.95 


11.04 


0046 


0185 
.0123 


,0350 
0400 
,0820 


.23 


.0350 


.0012 
.0007 
0006 
0018 

.0011 


Hardoesa  of  all  samples,  11.3.    Odor,  faintly  vegetable,  somewhat  disagreeable. The  samples 

were  collected  from  the  canal  leading  to  the  mill  of  the  Johnson  Manufacturing  Company,  in  the  order 
of  their  numbers,  at  10.46  A.X.,  145, 3.15,  and  4.50  p.]f . 
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Chemical  Examination  of  Water  from  Hudson  Brook  in  Clarksburg, 

[Parts  per  100,000.] 


Datb  of 

Appkabaxcb. 

Rksidub  osi 
Evaporation. 

Ammo  VIA. 

1 

NiTBOOBK 

AS 

1 

1 

J^ 

5 

«i 

1 

1 

|i 

1 

1 

1 

< 

i 

1 

1 

'A 

2819 

is'ss. 

July  21  July  33 

None. 

SllghL 

0.1 

S.10 

0.65 

2.46 

.0010 

.0074 
.0046 

.06 

.0100 

.0000 

Odor,  faintly  vegetable. The  aample  waa  collected  from  the  brook. 


Microscopical  Examination, 

Jaly,  1888.    1.  Bine-green  algn,  0.0;  2.  Other  aign,  2.5;  8.  Fungi.  0.0;  4.  Animal  forma,  0.0. 
Oronps  and  principal  genera  of  organlama  obaerved :   2.  Zoosporen;  Diatomaceao,  Achnanthidium, 


Chemical  Examination  of  Water  from  the  Hoosac  Biver,  below  the  Confluence  of 
the  North  and  South  Branches  at  North  Adams. 

[Parts  per  100,000.] 


Datb  of 

Rbsidub  oh 
Evapobatiok. 

Ammokia. 

1 

KiTBOOBH 
At 

^ 

1 

*  d 

a- 

f 

1 

s 

5 

1 

§1 

1 

1 

ll 

< 

1 

S 

8067 

18 

Sept.  4 

S8. 

Sept.  6 

Decided. 

Oon  ,  dark 
brown. 

0.25 

14.35 

2.60 

11.75 

.0112 

.0362 
.0212 

1 
.40 

.0200 

.0010 

3066 

Sept.  4 

Sept.  6 

Decided. 

Con.,  dark 
brown. 

0.20 

15.70 
14.15 

2.05 
2.00 

13.65 
12.15 

.0002 

.0308 
.0172 

.37 

.0200 

.0025 

3000 

Sept.  4 

Sept.  6 

Dedded. 

Con.,pnrple 
brown. 

0.50 

15.85 

2.50 

12.86 

.0024 

.0448 
.0214 

.40 

.0230 

.0090 

3070 

Sept.  4 

Sept.  6 

Deoided. 

Consid'ble, 
brown. 

0.60 

i 
1 

14.95 

2.95 
2.51 

12.00 

.0022 

.0462 
.0234 

.49 

.0050 

.0048 

Av. 

0.36 

I 

14.70 

12.19 

.0040 

.0395 
.0208 

.46 

.0170 

.0043 

Hardness,  10.5.    Odor,  peculiar. The  samples 

Braytonville  Mills,  in  the  order  of  their  numbers,  at  U. 


were  collected  from  the  canal  leading  to  the 
.15,  ▲  J[.,  3.15, 3.45,  and  5.05  p.m. 
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Chemieal  Examination  of  Water  from  the  Hoosae  River  at  WiUiamatown. 

CPuts  per  100,000.] 


Date  ov 

Appkabaxcb. 

Rksidl'b  ok 

EVATOKATIOa. 

1 
Ammokia.  , 

1 

KlTROOKW 
AS 

1 

a 

1 
1 

5 

c 

si 

a 

if 

1 

«i 

1 

I 

§1 

1-^ 

1 

1 

il 

< 

if 

S 

67 

JWM 

18 

8 

June  9 

Decided. 

Conaid'ble. 

0.20 

10.76 

1.62 

9.13 

.0026 

.0216 

.19 

.0130 

^ 

279   Jnly 

7 

July    8 

Decided. 

Consid'ble. 

0.40 

11.45 

1.80 

9.85 

.0069 

.0222 

.22 

.0070 

- 

4S1  j  Aag. 

6 

Aug.   8 

Decided. 

Coniid*ble. 

0.30 

11.75 

0.80 

10.95 

.0106 

.0118 

.21 

.0880 

- 

753   Sept. 

12 

Sept.  14 

Slight. 

SUght. 

0.05 

11.45 

0.60 

10.95 

.0066 

.0186 

.21 

.0260 

- 

888  1  Oct. 

8 

Oct.     6 

SUght. 

SU't.e»rthy. 

0.20 

12.70 

1.28 

11.47 

.0182 

.0M2 

.26 

.0880 

- 

1106   Nov. 

1 

8 

Not.  6 

Decided. 

Con.,e*rthy 
and  floc't. 

0.20 

14.22 

1.67 

12.66 

.0006 

.0206 

.29 

.0270 

- 

1402 
1674 

Dec. 
Jen. 

9 

Dec.  15 
Jan.  11 

Distinct. 
Slight. 

Con.,e»rthy 
and  floc't. 

Con.,black. 

0.10 
0.05 

8.20 
9.85 

1.80 
2.16 

6.90 
7.60 

.0008 
.0017 

.0106 
.0237 

.17 

.26 

.0280 
.0480 

.0003 

1784    Feb. 

1 

Feb.    2 

Decided, 
milky. 

Con.,e*rthy 
and  floc't. 

0.10 

12.85 

2.16 

10.20 

.0097 

.0226 

.83 

.0460 

.0017 

1964    Her. 

5 

Mar.    7 

Distinct, 
milky. 

SUght. 

0.10 

9.75 

1.00 

8.76 

.0088 

.0146 

.18 

.0460 

.0003 

2171  i  Apr. 

9 

Apr.  10 

Decided. 

Con.,e'rthy. 

0.05 

0.90 

0.65 

6.25 

.0014 

.0083 

.08 

.0250 

.0002 

S48 

May 

2 

May    8 

Distinct. 

Oon.,e'rthy 
and  floc't. 

0.10 

6.65 

0.96 

6.60 

.0000 

.0112 

.10 

.0200 

.0000 

2551 'Jane 

1 

5 

June  6 

Veryslight. 

Con.,brown. 

0.00 

9.02 

1.05 

7.97 

.0004 

.0138 
.0098 

.17 

.0280 

.0007 

26M 

July 

2 

July    3 

Distinct. 

Con.,brown. 

0.10 

12.80 

2.05 

10.75 

.0044 

.0226 
.0174 

.33 

.0180 

.0012 

2888 

Aug. 

0 

Aug.  7 

Slight. 

SU*t,e»rthy. 

0.30 

11.46 

2.05 

8.50 

.0080 

.0282 
.0204 

.88 

.0220 

.0033 

3135  '  Sept. 

7 

Sept.  10 

SUght. 

Consid'ble. 
brown. 

0.15 

15.15 

2.20 

12.95 

.0004 

.0282 
.0172 

.40 

.0400 

.0030 

3318 

Oct. 

0 

Oct.    8 

Distinct. 

Much^e'rthy 
and  floc't. 

0.10 

8.50 

1.65 

6.85 

.0034 

.0200 
.0114 

.22 

.0200 

.0006 

3500 

Not. 

6 

Not.   7 

Distinct. 

SUght. 

0.10 

6.00 

1.50 

6.50 

.0000 

.0134 
.0092 

.15 

.0200 

.0012 

8717 
8829 

Dec. 
Jan. 

14 

18 

7 

Deo.  15 
Jan.    8 

Decided. 
Decided. 

Con.,white. 

Con.,e»rthy 
and  floc't. 

0.03 
0.05 

12.45 
7.05 

1.55 
0.80 

10.90 
6.25 

.0112 
.0052 

.0194 
.0148 

.0186 
.0086 

.26 
.13 

.0660 
.0250 

.0006 
.0002 

3874 

Feb. 

4 

Feb.    0 

Distinct, 
milky. 

Oon.,e'Tthy. 

0.05 

9.70 

1.10 

8.60 

.0068 

.0140 
.0086 

.17 

.0600 

.0003 

4217 

Mar. 

4 

Mar.   5 

Decided. 

HeaTy, 

gray. 

0.05 

10.85 

1.45 

8.90 

.0182 

.0186 
.0130 

.23 

.0200 

.0005. 

4489 

Mar. 

30 

Apr.    1 

Slight. 

Con.,  gray. 

0.10 

6.25 

0.05 

5.80 

.0004 

.0136 
.0080 

.10 

.0120 

.0004 

4A40 

May 

11 

May  18 

DisUnet. 

Heavy. 

0.15 

10.35 

1.60 

8.75 

.0060 

.0212 
.0158 

.25 

.22 

.0300 

.0018 

At. 

0.18 

10.48 

1.29 

9.19 

.0062 

.0179 

.0275 

.0009 

1 

Uardnees  in  June,  1887,  IJi ;  in  May,  1888, 8.9.    Odor,  faintly  vegetable 
were  ooUecled  from  the  river  at  the  bridge  near  the  Williamstown  station 


and  mouldy. The  samples 

on  the  Fltchburg  Railroad. 
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1898. 

1889. 

June. 

Jul7. 

Aog. 

aept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Mar 

Mty. 

1.  Blue-green  Algm,  .... 

0.0 

pr. 

0.3 

0.0 

0.0 

pr. 

pr. 

0.0 

pr. 

0.0 

0.0 

0.0 

2.  Other  Alga, 

23.4 

0.4 

7.0 

1.0 

pr. 

0.5 

0.3 

0.1 

0.7 

pr. 

0.5 

6.7 

8.  Fungi, 

0.0 

0.3 

0.0 

0.5 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,       .... 

pr. 

0.3 

4.0 

0.1 

0.0 

pr. 

0.0 

0.0 

0.3 

0.0 

0.0 

0.0 

Groups  and  principal  genera  of  organiame  observed :  1.  Oyaoophyceas.  2.  PalmellaeesB.  Chloro- 
coccus;  Zoosporeas,  Oomferva,  Scenedetmut;  Deamldiocen;  Dlatomace»,  JFacyontftna,  J/«/o«tro,.yap<o- 
tt/a,  StephanodUcu$,  Synedra,   8.  Bohizomycetes,  Qnnothrix,   4.  ProU»oa,  TrachelomonoM, 


HousATONio  River. 

The  Housatonic  basin  is  in  the  south-westerly  corner  of  the  State, 
and  includes  the  central  and  southern  portion  of  Berkshire  County. 
The  river  is  formed  just  below  the  town  of  Pittsfield  by  the  con- 
fluence of  the  east  and  west  branches,  and  flows  thence  in  a  southerly 
direction,  passing  into  Connecticut  at  Sheffield,  Mass.,  and  finally 
emptying  into  Long  Island  Sound  near  Bridgeport,  Conn.  The 
drainage  area  of  the  river  at  the  State  line  is  503.5  square  miles. 
The  east  branch  at  its  mouth  has  a  drainage  area  of  70.3  square 
miles.  It  rises  eight  miles  south-east  of  Pittsfield,  and  flows  in  a 
very  circuitous  course  to  the  main  river,  passing  on  its  way  through 
the  manufacturing  towns  of  Hinsdale  and  Dalton.  The  west  branch 
is  formed  by  the  flow  from  Onota  and  Pontoosuc  lakes  in  Pittsfield, 
and  flows  southerly  through  the  westerly  portion  of  the  town.  The 
south-west  branch,  one  of  the  afliuents  of  the  west  branch,  rises  in 
Richmond  Lake  in  Richmond,  and  flows  north-easterly,  joining  the 
west  branch  just  above  its  mouth.  The  watershed  of  the  west 
branch,  including  the  south-west  branch,  contains  58.7  square  miles. 

The  drainage  area  of  the  river  is,  as  a  rule,  very  hilly,  and  in 
many  places  even  mountainous.  The  bottom  lands  along  the  river 
are  quite  wide,  and  in  the  vicinity  of  Pittsfield  and  south  of  Great 
Barrington  there  is  considerable  comparatively  flat  territory.  There 
are  many  lakes  in  the  valley  and  some  storage  reservoirs,  which 
materially  increase  the  flow  of  the  river  in  a  dry  season.  This 
valley,  like  the  Hoosac,  contains  much  limestone,  and  the  water  of 
the  river  is  consequently  much  harder  than  that  of  the  more  easterly 
portions  of  the  State. 
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The  river  and  its  branches  have  generally  a  rapid  fall ;  but  there 
are  notable  exceptions  to  this  rule  in  the  portion  between  Pittsfield 
and  Lenox,  where  the  river  is  nearly  level  for  eight  miles ;  also  south 
of  Great  Barrington,  where  a  similar  condition  exists. 

The  following  table  gives  statistics  regarding  the  drainage  area 
and  population  above  different  points  on  the  main  river  and  its 
branches :  — 


I/X3AUTT. 

Distance 

above 

State  Line. 

Miles. 

Dralnaiie 
Area. 

Estimated 

Population 

(1886). 

Popalatlon 
per 

8q.  Miles. 

Square  Mile. 

Eaft  branch,  at  Arat  bridge  above  Silver  Lake,  Pitts- 
field 

48.0 

68.2 

70.3 

21.4 

10.5 

22.2 

68.7 

129.0 

167.7 

828.7. 

4,961 

9,000 

816 

261 

1,060 

10,110 

19,200 

20,496 

35,067 

73 

East  braDch,  at  month 

Pontooanc  Lake,  at  outlet 

Onota  Lake,  at  outlet 

Sonth-weat  liranch,  at  mouth, 

Total  weat  branch,  at  month, 

Total  east  and  west  branchea,  at  confluence, 

Honnatonic  River,  at  Lenox  station,     . 

Bouaatonlc  River,  below  Great  Barrington, 

46.0 
60.7 
60.2 
40.8 
46.0 
46.0 
88.0 
14.9 

129 

38 

26 

75 

172 

140 

122 

107 

The  greatest  density  of  population  shown  by  the  table  is  above  the 
mouth  of  the  west  branch,  and  this  tributary  is  more  polluted  than 
the  others  or  than  the  main  stream.  The  density  of  population  on 
the  area  draining  into  the  main  river  is  greatest  above  its  head,  just 
below  Pittsfield,  where  the  population  per  square  mile  is  40  per 
cent,  greater  than  it  is  above  a  point  just  below  Great  Barrington. 

The  towns  of  Hinsdale,  Dalton,  Pittsfield,  Lenox,  Lee,  Stock- 
bridge  and  Great  Barrington  have  each  a  public  water  supply. 
Pittsfield  and  Great  Barrington  have  each  a  partial  system  of  sewer- 
age, arid  discharge  crude  sewage  into  the  streams.  The  village  of 
Lenox  has  a  complete  system  of  sewerage,  and  disposes  of  most  of 
its  sewage  upon  land.  The  population  in  the  valley  is  slowly 
increasing,  the  gain  in  Pittsfield  and  the  manufacturing  villages 
along  the  river  more  than  offsetting  the  decrease  in  the  farming 
population  on  the  hills. 

Most  of  the  fall  of  the  Housatonic  River  and  its  principal  branches 
is  utilized  for  power  by  paper  and  woolen  mills,  which  turn  a  con- 
siderable amount  of  manufacturing  sewage  into  the  stream. 
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A  careful  examination  of  the  watershed  of  the  Housatonic  River 
was  made  by  the  State  Board  of  Health  in  1877,  and  the  results  are 
published  in  its  ninth  annual  report  (pp.  9-28).  The  following 
summary  of  the  manufacturing  in  the  valley  at  that  time  is  taken 
from  page  18  of  that  report :  — 


MANUFACrUBES. 


Number. 


Operatlres 
employed. 


Woolen  mills, 
Cotton  mills,  . 
Paper  mills,  . 
Tannery, 
Oas  works,  . 
Totals,      . 


20 

« 

84 

1 
1 


62 


2,178 

405 

1,401 

30 

5 


4,019 


Examinations  of  samples  of  water  from  the  river  were  made 
monthly  from  June,  1887,  to  May,  1889,  just  below  the  village  of 
Great  Harrington  ;  and  a  special  examination  was  made  in  Septem- 
ber, 1888,  during  a  comparatively  dry  period,  to  ascertain  the  effect 
of  the  sewage  and  manufacturing  refuse  turned  into  the  river  at 
Pittsfield.  For  this  purpose  samples  of  water  were  collected  from 
the  east  and  west  branches  both  above  and  below  Pittsfield,  from  the 
south-west  branch  near  its  mouth,  and  from  the  main  stream  at  its 
head,  and  at  Lenox,  eight  miles  below.  The  analyses  of  these 
samples  of  water  are  given  in  full  in  the  appended  tables,  and  the 
average  amount  of  free  ammonia,  chlorine,  and  nitrogen  as  nitrites 
at  each  point  is  also  shown  on  the  map  on  page  431. 

The  flow  of  each  stream  at  the  time  samples  were  collected  on 
Sept.  7,  1888,  as  deduced  from  gauge  readings  on  that  day,  and 
current  meter  measurements  and  gauge  readings  on  the  previous 
day,  was  as  follows  :  — 


EA.8T  Branch. 


Flow  at  10.05  A.M.,  56.14  cubic  feet  per  second. 
Flow  at  12.00  X.,  67.87  cable  feet  per  second. 
Flow  at  3.45  p. v.,  70.42  cubic  feet  per  second. 
Flow  at  4.45  F.X.,  70.42  cubic  feet  per  second. 


West  Branch. 


Flow  at  9.45  a.m.,  86.40  cubic  feet  per  second. 
Flow  at  11.45  A  M.,  67.03  cubic  feet  per  second. 
Flow  at  3.10  P.M.,  73.33  cubic  feet  per  second. 
Flow  at   6.25  p.m.,  00.06  cubic  feet  per  second. 
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These  measurements  do  not  indicate  an  unusually  low  dry 
weather  flow. 

The  special  examination  of  the  river  on  Sept.  7, 1888,  showed  that 
it  was  polluted  to  a  considerable  extent  below  Pittsfield,  though 
not  enough  to  be  ofiensive  to  those  living  on  the  banks  of  the 
stream.  The  effect  of  the  pollution  is  most  plainly  seen  by  referring 
to  the  map,  and  observing  the  much  larger  amounts  of  free  ammonia, 
chlorine  and  nitrogen  as  nitrites  in  the  water  at  the  mouth  of  the 
west  branch  than  in  the  unpolluted  waters  of  Lakes  Onota  and 
Pontoosuc,  from  which  this  branch  issues.  The  west  branch  is 
shown  by  this  examination  to  be  somewhat  more  polluted  than  the 
east  branch.  The  degree  of  pollution  of  the  former  is  much  greater 
during  the  night  and  on  Sundays,  in  dry  seasons,  than  during  work- 
ing hours,  because  the  water  is  held  back  by  gates  at  the  outlets  of 
the  lakes  and  at  the  mill  ponds  on  the  stream,  so  that  the  flow  at 
such  times  is  very  small.  The  east  branch,  being  a  «« paper-mill" 
stream,  with  comparatively  little  opportunity  to  hold  the  water 
back,  has  a  nearly  constant  flow  day  and  night. 

The  regular  examinations  below  Great  Barrington  show  the  water 
at  this  point  to  be  unfit  for  drinking,  though  except  for  this  use  it 
would  not  be  considered  seriously  polluted. 

In  addition  to  the  tables  of  analyses  given  below,  examinations  of 
other  surface  waters  in  the  Housatonic  basin  have  been  made,  and 
are  given  in  the  preceding  portion  of  this  report,  as  follows :  — 

Dalton,  Egypt  Brook, page  111 

Great  Barrington,  reservoir,      ......  page  141 

Great  Barrington,  Mansfield  Lake, page  142 

Great  Barrington,  Green  River, page  142 

Hinsdale,  brook, P^g^  1^2 

Lee,  reservoir, .        .        .  page  184 

Lenox,  reservoir, pa-ge  186 

Lenox,  Lily  Pond, page  186 

Pittsfield,  Ashley  Lake  and  reservoir,       .        .        .     pages  2C8-269 

Pittsfield,  Sackett  Reservoir, page  269 

Pittsfield,  Silver  Lake, page  271 

Richmond,  reservoir, .  page  285 

Stockbridge,  Hagar  Pond  or  Mohawk  Lake,    .        .        .  page  307 

Stockbridge,  Lake  Mahkeenac  or  Stockbridge  Bowl,       .  page  308 
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Chemical  Examination  of  Water  from  the  East  Branch  of  the  Housaionic  River 

above  Hinsdale. 

[Pert!  p«r  100,00).] 


Da*e  qw 

1                AP..x,^.c..                1     /vri^^fxfo",. 

Ammohia.  1 

i 

1 

NiTROQBSr 
A8 

1 

a 

s 
"A 

i 
1 

1 

•j 

1 

|5 

1 

1 

J 

g 

^ 

3983 

18  A9. 

Feb.    6  Feb.    1  ^ 

1 

aUght. 

CoDBid'ble. 

0.2  < 

1  »•« 

1. 15 

4.25 

.0036 

.0138 
.0110 

.08 

.0180 

.0001 

Hardness,  3.3.    Odor,  very  faintly  vegetable.  —'—  The  sample  was  collected  from  the  river  Just  above 
the  village  of  Hlosdale. 


MicroscopiccU  Examination, 

1.  Blne-groen  alga,  0.0;  2.  Other  algae,  0.3 ;  3.  Fungi,  0.0;  4.  Animal  forms,  pr. 
Oroups  of  organisms  observed :    2.  Diatomace».    4.  Protozoa. 


Chemical  Examination  of  Water  from  the  East  Branch  of  the  ffouscUonic  River 

above  PiUsfield, 

[Parts  per  100,000.] 


DATS  OF 

Appbabakcb. 

Rbsiduk  ox 

EVAFURATION. 

AXMONIA. 

i 

1 

NiTROOKM 
AS 

1 

a 

3 

'A 

I 

i 

H 

H 

1 

1 

1 

i 

1 

S 

il 

1 

y^ 

3111 
3125 

IS 

8ept.  7 

Sept.  7 

8S. 

Sept.  8 

Sept.  8 

Slight. 
Distinct. 

Sirt, brown. 
Con.,  dark 

0.2 
0.2 

11.20 
,11.75 

1.50 
2.40 

9.70 

1 

9.35' 

.0002 
.0092 

.0002 

.0238! 
.0202 

.0390 
.0364 

.0314 
.0283; 

.19 
.20 

.20 

i 

.0180 

1 
.0200 

1 

.0008 
.0003 

Av 

0.2 

1 
11.47 

1 

.0190 

.0006 

1.95 

9.»| 

Odor,  mouldy. The  samples  were  collected  from  the  Housatonlo  River  at  the  first  bridge  above 

Silver  Lake.    No.  3111  was  collected  at  9  a.m.    No.  3125  was  collected  at  5  p.m. 
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Chemical  Examination  of  Water  from  the  East  Branch  of  the  Housatonic  River 

below  Pittjtfkld, 

[Part«  per  100,000] 


1 
Date  or 

Appeaiukck. 

RKfllDUIt  OX 
EVAPOSATION. 

Amxokia.  ' 

1 
1 

i  ' 

i  1 

XlTKOflKN 

▲S 

i 
i 

5 

il 

'A 

5 

«; 

1 

1 

1 

.    1 

1  i 

i 

i 

< 

1 

'A 

1 

3113 

Sept.  7 

88. 
Sept.  8 

Slight. 

Srt,  brown. 

0.2 

11.30 

2.20 

9.10 

.0180 

.<V24« 
.02.0 1 

1 
.20 1 

.0250 

.0009 

8118 

Sept.  7 

Sept.  8 

Distinct. 
Blight. 

Srt,  brown. 

0.2 

1 

11.10  2.05 

II.0120 
9.05  ! 

.0252 
.0224 

.20' 
1 

.0070  .0008 

3122 

Sept.  7 

Sept.  8 

Slight. 

0.2 

j 

11.15  2.05 

1.0116  .0212 
9.10,           .02i0 

.20 

.0150  .0008 

3124 

Sept.  7 

Sept.  8 

Slight. 

Slight. 

0.2 

11.23  2.20 

1 

|'.0102  .0210 
9.00':            .0.94 

.19  1 

1 

.0220 

.0003 

Av. 

i 

0.2' 

1 

11.19 

2.12 

iLoTM   .0031 

.20  i. 017-2 

.0007 

9.or 

.0210 

Odor,  mouldy. The  samples  were  collected  from  the  river  at  several  points  In  the  width  of  the 

stream,  at  the  flrst  bridge  above  its  oonflaence  with  the  west  branch,  as  follows:   No.  3113,  at  10.05 
▲.X.;  No.  3118,  at  12  x.;  No.  3122,  at  8.45  P.M.;  No.  3124,  at  4.45  p.x. 


Chemical  Examination  of  Water  from  Lake  Onota,  Pittsfield, 

[Parts  per  100,000  ] 


Datk  of 

APPBABA9CB. 

RRSinUK  0!f 
EVAPOBATIOX. 

AXUONIA. 

XlTROOKK 
AS 

y. 

1 

f\ 

6 

5 

Sediment. 

Color. 
Total. 

_  5 
35 

i 

i| 

,  1  is 

•/i    1   '/i 

3115 

18 

Sept.   7 

Sept.  8 

Veryslight. 

Veryslight.    0.0 

6.60 

1.45 

5.15 

1 

.0000 

.015H 
.0110 

.03 

j. 0030  .0000 

'      1 

Odor,  none. The  sample  was  co  lected  from  the  east  side  of  the  lake. 

Chemical  Examination  of  Water  from  Pontoosuc  Lake,  Pittsfield, 

[Parts  per  100,000.J 


Datb  or         1 

APPBARAKCB.                  1        EVAPOKATIOX. 

.\M)COXIA. 

1 

NiTROOBS 
AS 

a 

^ 

^  i 

1 

1 

1 

Coliir. 
Total. 

n 

i 

i 

il 

1         . 
I 

!     2 

1  '■• 

A 

3123 

inW 

Sept.   7    Sept.   8 

Very*llght. 

Veryslight.    0.0 

7.93 

0.80 

7.10' 

.0006 

.0128 
.0122 

.0.1 

I 

.0000 

.0000 

Odor,  none. The  rample  was  collected  from  the  lake  at  the  outlet. 
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Chemical  Examxnalion  of  Water  from  the  South-west  Branch  of  the  Housatonie 
Biver,  near  its  Confluence  with  the  West  Branch. 

[Parta  per  100,000.] 


Dat«  of 

Appbarahck. 

RiCBIDUR  OH 

Evaporation. 

AMMOXIA. 

NiTROGKX 
AS 

1 

i 

ii 

1 

j 

1 

i 

i 

1 

1 

t' 

1 

8 

1 

Z 

3116 
3120 

IS 

Sept.  7 

Sept.  7 

n. 

Sept.  8 
Sept.  8 

DiBtinct. 
Slight. 

Con.,e*rthy 
and  flocH. 

Blight. 

0.10 
0.05 

14.60 
13.46 

2.65 
1.75 

11.95 
11.70 

.0010 
.0008 

.0009 

i 

.0108 
.0150 

.0178 

.0156  1 

1 

.12 
.12 

1 

.0180 

.0120 

1 

.0150 

.0010 
.0009 

At. 

0.07 

!'♦•« 

2.20 

11.82 

1 

.0188 ' 
.0153 

.12 

.0010 

Odor,  faintly  vegetable. The  Bamples  iieere  collected  from  the  stream,  Jast  above  its  confluence 

with  the  west  branch  of  the  Housatonie  River,  at  11.30  a.m.  and  3  P.]f .  respectively. 


Chemical  ExamincUvm  of  Water  from  the  West  Branch  of  the  Housatonie  River 

below  Pittsfield, 

[Part*  per  100,000.] 


DATB  09 

Appkaraxck. 

Bksidub  on 
Evaporation. 

Ammonia. 

j 

1  Nitrogen 

!            AS 

i 

1 

I 

l' 

H 

1 

1 

1 

ii 

1 

1 

< 

'      1 

1      « 

1 
1 

3112 

IS 

Sept.  7 

88. 

Sept.   8 

1 

Slight. 

1 

Srt,brown. 

0.05 

11.60 

i.n 

10.00 

.0228 

1 

.0326 
.0250 

.22 

.0230 

.0020 

3117 

Sept.  7 

Sept.  8 

DlsUnct. 

Con., brown. 

0.10 

1 
11.10  2.05 

9.05 

.0194 

.0380 
.0230 

.33 

.0080 

.0015 

3121    Sept.   7 

Sept.  8 

Distinct. 

! 

i 

Con. (brown. 

0.10 

10.45  1.75 

8.70 

.0114 

.0280 
.0236, 

.16 

.0120 

.0012 

3126   Sept.  7    Sept.  8 

i         1 

,  DUtinct. 

Con.jbrown. 

0.05 
0.07 

10.95 

,.» 

9.10 

.0054 

.0312 
.0206 

.23 
.24 

.0280 

.0011 

..( 

1       

1 

9.21 

.0148 

.03'24 
.0230  1 

'           1 
.0177 '.0015 

! 

11.02 

1... 

Odor,  mouldy. The  samples  were  collected  from  the  river  at  the  South  Street  bridge  as  fol* 

Jowa:  No.  3112,  at  9.45  a.m.;  No.  3117,  at  11.46  a.k.;  No.  3121,  at  3.10  p.m.;  No.  3126,  at  5.25  p.m. 
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Chemical  Examination  of  Water  from  the  Housatonic  River ^  below  the  Confluence 
of  the  East  and  West  Branches. 

[Parta  per  100,000.] 


Datb  of 

Appbahancb. 

Rbsiddk  on 
Evaporation. 

Ammokia. 

j 

NiTKOOBV 
AS 

a 

j 

a 

It 

1 

*i 

1 

1 

§1 

1 

1 

S 

S 

3114 

IS 

Sept.  7 

SS. 
Sept.  8 

Slight. 

SU't,  brown. 

0.20 

11.60 

2.05 

8.55 

.0120 

.0234 
.0202 

.17 

.0050 

.0010 

8119 

Sept.  7 

Sept.  8 

SUght. 

81l't,brown. 

0.15 

11.40 

2.20 

8.20 

.0116 

.0244 
.0240 

.21 

.0150 

.0010 

3127 

Sept.  7 

Sept.  8 

Slight. 

i 

Con.,  dark. 

0.10 

10.75 

1.60 

8.15 

.0134 

.0270 
.0206 

.18 

.0180 

.0009 

3128 

Sept.   7 

Sept.  8 

Distinct. 

Con.,  dark. 

0.10 

10.75 

2.05 

8.70 

.0124 

.0284 
.0186 

.19 
.19 

.0150 
.0132 

.0009 

Av. 

O.U 

11.12 

1.87 

8.15, 

.0124 

.0258 
.0211 

.0010 

Odor,  very  faint  or  none. The  samples  were  collected  from  the  river  at  the  first  bridge  belo^^ 

the  confluoncc  of  the  east  and  west  branches,  at  several  points  in  the  width  of  the  stream,  as  follows  : 
'   No.  3114.  at  10.20  a.m.  ;  No.  3119,  at  12.30  p.]f . ;  No.  3127,  at  4.45  P.x .;  No.  8128,  at  5.15  P.X. 


Chemical  Examination  of  Water  from  the  Housatonic  River  at  Lenox, 

[Parts  per  100,000.] 


Datb  of 

Appbarakcb. 

1       Rbsidub  ox 
1     Evaporation. 

i 

▲8 

1 

1 

ii 

Turbidity. 

1 

1 

I 

C^ 

i 

|5 

1 

s 

S 

3168' 

18 

Sept.  13 

8«. 

Sept.  14 

Slight. 

Very  slight. 

0.15 

11.65  2.00 

8.65 

.0076 

4 

.0322 
.0274 

.21 

.0350 

• 

8185 

Sept.  14 

Sept.  18 

Very  slight. 

1 

Sl't,  earthy 
and  fioc't. 

0.10 

10.85 

1.40 

8.55 

.0102 

.0188 
.0162  1 

.20 

.0120 

.0015 

3180 

Sept.  14 

Sept.  18 

Very  slight. 

VerysUght. 

0.10 

11.20 

1.70 

8.50 

.0084 

.0184 
.0158 

.21 

.0180 

.0013 

8187 

Sept.  17 

Sept.  18 

Very  slight. 

81i't,earthy. 

0.15 

11.80 

1.65 

10.25 

.0090 

.0188 1 
.0160 

.22 

.0180 

.0017 

8188 

Sept.  17 

Sept.  18 

Very  slight. 

Srt.  earthy 
and  floc't. 

0.15 

12.20 

1.65 

10.55 

.0134 

.0160' 
.0150 

.22 

1 
.21 

.0180 

.0019 

Av. 

0.13 

11.58 

1.68 

8.80 

.0097 

i 

.0208 
.0181 

.0202 

.0016 

Odor,  distinctly  vegetable. The  samples  wore  collected  from  the  river  at  the  dam  of  the  Smith 

^aper  Company,  near  Lenox  Station.  Sample  No.  3168  was  collected  at  3  p.m.,  when  the  surface  of  th« 
river  ^(^g  15  inches  below  the  crest  of  the  dam.  No.  3185  was  collected  at  8.30  A.X.,  and  No.  8186  at  3 
P.X.,  wbf4Q  xhe  water  was  IS  inches  below  the  crest  of  the  dam.  No.  8187  was  collected  at  9  A.X.,  aad 
No.  3188  at  3  p^^  while  the  water  was  two  feet  below  the  crest  of  the  dam. 
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1888. 


3168. 

3185. 

3186. 

3187. 

pr. 

0.0 

0.0 

0.0 

6.3 

1.5 

0.4 

1.1 

11.0 

0.1 

0.0 

0.0 

0.4 

pr. 

0.2 

0.0 

1.  Blae-green  Algn, 

2.  Other  Aigm,      . 
8.  Fangl, 

4.  ABimftl  Fonxui, 


0.0 
0.5 
0.0 
pr. 


Groups  and  principal  genera  of  organlsmi  obierved :  1.  CyaDophycen.  2.  Palmellaoen,  Chlorococcu8; 
Zoospores,  Scenede%mus;  DosnildlaceaB ;  Diatomaoen,  Synedra.  8.  Schlzomycetes,  Crenothrix, 
4.  Protozoa,  IHnobryon;  Rotifera;  Entomostraca. 

Chemical  Examination  of  Water  from  the  Housatonic  River  at  Great  Barrington. 

[Partii  per  100,000.] 


Datb  of 

Appbarancb. 

Rksidue  on 
Evaporation. 

Ajimonia. 

s 

1 

6 

NlTROOBK 
AS 

1 

1 

1 

1 

il 
& 

1 

1 

1 

a 

i 

§1 

1-^ 

1 

i 

1 
il 

< 

9a 

i 

9a 

2n 

18 

July    7 

87. 

July    8 

Slight. 

Con  .(heavy. 

0.10 

12.95 

1.76 

11.20 

.0075 

.0161 

.24 

.0030 

_ 

514 

Aug.   9 

Aug.  10 

None. 

Slight. 

0.50 

12.10 

1.80 

10.30 

.0051 

.0161 

.17 

.0130 

- 

090 

Sept.  6 

Sept.  7 

Slight. 

Very  slight. 

0.15 

13.03 

0.67 

12.36 

.0024 

.0079 

.1- 

.0260 

- 

801 

Oct.     5 

Oct.    6 

VeryiUght. 

Sll't.e'rthy. 

0.30 

13.10 

0.95 

12.15 

.0013 

.0145 

.a 

.0130 

- 

1104 

Nov.    3 

Nov.   4 

Slight. 

Con.,e'rthy. 

0.15 

13.30 

1.65 

11.65 

.0000 

.0116 

.26 

.0160 

- 

1325 

Dee.    5 

Dec.    6 

Distinct 

SUght. 

0.10 

12.00 

1.70 

10.80 

.0029 

.0090 

.21 

.0200 

- 

1534 

18  88. 
Jan.     4|Jan.    5 

DisUnot. 

Con.,e*rthy. 

0.30 

8.85 

1.55 

7.80 

.0023 

.0143 

.10 

.0150 

.0002 

1801 

Feb.  25  j  Feb.  27 

Blight. 

Oonsid'ble. 

0.10 

9.4ft 

1.60 

7.86 

.0002 

.0153 

.12 

.0350 

.0002 

1049 

Mar.    5 

Mar.    6 

Distinct. 

Slight. 

0.20 

12.00 

1.70 

10.30 

.0036 

.0146 

.24 

.0300 

.0003 

2152 

Apr.    3 

Apr.    4 

Distinct. 

Much, 
earthy. 

0.05 

9.50 

1.10 

8.40 

.0012 

.0176 

.12 

.0200 

.0001 

2358 

May    8 

May    4 

Slight. 

Consld'ble, 
brown. 

0.20 

7.05 

1.10 

^.95 

.0000 

.0132 
.0080 

.09 

.0100 

.0002 

2561 

June    6 

June   7 

Slight. 

Con.,e*rthy. 

0.10 

11.20 

1.75 

9.45 

.0028 

.0182 
.0122 

.15 

.0070 

.0002 

2704 

July    2 

July    3 

Very  slight. 

Slight. 

0.10 

11.95 

1.60 

10.85 

.0050 

.0160 
.0120 

.23 

.0180 

.0009 

2887 

Aug.   6 

Aug.  7 

Slight. 

Slight. 

0.00 

12.5S 

1.80 

10.75 

.0060 

.0146 
.0134 

.26 

.0120 

.0006 

3147 

Sept.  10 

Sept.  11 

Slight. 

Slight. 

0.10 

13.50 

1.90 

11.80 

.0038 

.0144 
.0122 

.25 

.0100 

.0005 

3810 

Oet.     8 

Oet.    4 

Distinct. 

Slight. 

0.10 

1 
12.15 1 1.50 

10.85 

.0004 

.0150 
.0138 

.14 

.0100 

.0003 

3496 

Nov.    6 

Nov.    7 

Distinct. 

Slight. 

0.10 

11.05  1.75 

9.30 

.0000 

.0140 
.0112 

.16 

.0150 

.0003 

3659 

Dee.    5 

Dec.    6 

Distinct. 

Sli*t,e'rthy. 

0.05 

10.60 

1.30 

8.80 

.0012 

.0114 
•Ouoo  1 

.16 

.0300 

.0002 
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Chemical  Examination  of  Water  from  the  Housatonic  River  at  Great 
Barrington  —  Concluded. 


Date  or 

Appbabaxcb. 

1       Rksidcb  oh 

I       EVAPOBATIOH. 

▲mmokia. 

1 

NITBOOBV 
A8 

1 

D 

1 

1 

ii 

f 

1  , 

i 

I 

i 

1 

i 

A 
< 

1 

1 

882S 

18 

Jan.    7 

Jan.    8 

Slight, 
milky. 

SU't.white. 

0.10 

11.15 

0.90 

10.25 

.0004 

.0098 
.0074 

16 

.0250 

.0002 

39M 

Feb.    6 

Feb.    8  'Dlitinct, 
1        milky. 

Con.,white. 

0.00 

11.60 

1.2S 

10.35- 

.0016 

.0170 
.0110 

.18 

.0220 

.0002 

4270 

Mar.  11 

Mar.  12 

Dlatlnet. 

811*t,e*rthv, 
and  floc^t. 

0.20 

10.85 

1.50 

9.35 

.0006 

.0110 
.0088 

.16 

.0200 

.0004 

4467 

Apr.    3 

Apr.    5 

DUUnct. 

Coneid'ble. 

0.10 

8.90 

1.00 

7.90 

.0020 

.0156 
.0102 

.14 

.0150 

.0001 

4619 

May    6 

May    7 

Veryslight. 

Consid'ble. 

0.15 

9.90 

1.70 

8.29 

.0006 

.0132 
.01.81 

.13 

.0090 

.0003 

Av. 

1 

^ 

n.« 

1.42 

9.79  j 

.0022 

.0137 

.18 

.0171 

.0003 

1 

Hardness  in  Jaly,  1R87,  8.8;  In  May,  1888,  6.3.    Odor,  faintly  vegetable,  frequendy  mouldy. 

The  ciamples  wure  collected  from  the  river  at  the  Leavitt  Street  bridge  below  the  village. 


Microscopical  Examination, 


1S88. 

1889. 

June. 

July. 

Aug. 

Sept. 

Oct.   Sov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. '  May. 

1.  Blue-green  Algio 

0.1 

pr. 

0.2 

0.0 

0.0 

pr. 

0.0 

- 

0.0 

0.0 

pr. 

0.0 

2.  Other  AlgoB 

3.1 

1.0 

3.8 

3.6 

0.2 

1.1 

0.6 

- 

0.2 

1.2 

0.6 

68.2 

3.  FuQgi, 

0.0 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

- 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms 

0.2 

pr. 

pr. 

0.0 

0.0 

0.1 

0.0 

- 

pr. 

0.4 

0.7 

0.0 

Oroups  and  principal  genera  of  oriraDlsms  observed:  1.  Cyanophyces.  2.  PalmellacesB ;  Zoo- 
sporea),  Scenedttrntu;  Desmidlai^n;  Dlaiomaceso,  Atterionella,  FragUlaria,  MtloHrOt  Synedra^ 
8.  Schizomycetes.    4.  Protozoa.  , 


Ipswich  River. 
The  Ipswich  River  is  formed  by  the  confluence  of  several  small 
brooks  in  Wilmington,  Mass.,  and  flows  thence  in  a  generally  north- 
easterly direction  to  tide  water  at  Ipswich,  draining  at  this  point  an 
area  of  148.2  square  miles.  The  drainage  area  is  generally  a  gently 
rolling  country  with  numerous  small  hills,  the  summit  of  the  highest 
of  which  is  about  400  feet  above  mean  sea  level ;  it  contains  a  very- 
large  amount  of  meadow  and  swampy  land,  especially  in  the  vicinity 
of  the  streams. 
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The  fall  of  the  stream  is  slight  and  its  current  sluggish.  There 
are  very  few  ponds  or  storage  reservoirs  in  the  basin,  and  the  dry- 
weather  flow  of  the  river  ia  small.  The  amount  of  manufacturin<r 
on  the  stream  is  small,  tlie  most  important  factories  being  located  at 
Ipswich  just  above  tide  water. 

The  following  table  gives  statistics  of  the  drainage  area  and  popu- 
lation above  three  points  on  the  river  in  the  town  of  Ipswich  :  — 


LOCALITY. 

Distanco 

above 

Tide  Wjitcr. 

DfAinsfpe 
Ares. 

Popula- 
tion 
(1«85). 

Popalation 

per 
Square  Mile. 

Miles. 

Sq.  Miles. 

Ip«wlch  River,  Jurt  above  the  mouth  of  Miles  River,     . 
Ipswich  River,  just  below  the  month  of  Miles  River,    . 
Ipewlch  River,  at  last  dam  (tide  water), .... 

2 
2 
0 

128.6 
145.6 
148.2 

6,708 

8,267 

11,003 

63 

57 
78 

The  population  is  very  much  scattered,  a  large  proportion  of  the 
inhabitants  being  engaged  in  agriculture.  Ipswich,  located  at  the 
mouth  of  the  river,  is  the  largest  town,  and  contained  in  1885  a  popu- 
lation of  4,207.  The  population  on  the  watershed  has  increased  but 
very  slightly  since  1865,  and,  if  Ipswich  is  excluded,  has  shown  a 
slight  decrease.  None  of  the  towns  in  the  valley  are  provided  with 
a  public  water  supply  except  Middleton,  which  obtains  a  supply  from 
the  Danvers  works,  but  sources  within  the  valley  are  used  by  cities 
and  towns  outside.  The  city  of  Salem  and  town  of  Beverly  draw 
their  supply  of  water  from  Wenham  Lake,  located  at  the  head  of 
Miles  River,  while  the  town  of  Danvers  obtains  a  supply  from 
Middleton  Pond  in  Middleton.  The  city  of  Maiden  has  the  right  to 
take  the  waters  of  Martin's  Pond  in  North  Reading  as  a  source  of 
water  supply.  None  of  the  towns  in  the  valley  have  a  system  of 
sewerage. 

This  river  is  one  of  the  larger  streams  in  the  eastern  portion 
of  the  State,  and  has  received  consideration  as  a  possible  future 
source  of  water  supply  for  the  northerly  suburbs  of  Boston,  It 
is  comparatively  free  from  artificial  pollution,  but  is  dark  colored, 
and  contains  much  vegetable  matter  in  solution,  owing  to  the  large 
area  of  sw^ampy  land  on  the  watershed. 

Samples  of  water  for  examination  have  been  taken  from  the 
river,  in  the  vicinity  of  North  Reading,  on  one  occasion  only.  The 
results  are  given  below.     Examinations  of  other  surface  waters  in 
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the  Ipswich  basin  have  been  made,  and  are  given  in  the  preceding 
portion  of  this  report,  as  follows :  — 

Danvers,  Middleton  Pond, pftge  112 

Lynnfield,  Suntaug  Lake, page  211 

North  Reading,  Mai-tin's  Pond, jiage  259 

Salem,  Wenham  Lake, P&ge  286 


Chemical  ExamincUion  of  Water  from  the  Ipswich  River  above  North  Beading, 

[Parts  per  100,000.] 


Datk  or 

Appkakavcr. 

Kksiduk  on 

EVAPUKATION. 

Ammonia. 

NintOGKM 

AS 

^ 

1 

i 

Turbidity. 

1 

1 

'    1 

si 

i 

hi 

1 

1 

•  c 

i 

"5 

s 

1 1 

4186 
4187 
4188 

18 

Mar.    1 

Mar.    1 
Mar.    1 

89. 

Mar.   2 

Mar.   2 
Mar.   2 

Very  alight. 
Very  alight. 
Veryallght. 

None. 
Veryallght. 
Very  slight. 

1.1 
1.0 
1.0 

4.35 
8.65 
4.55 

t.N 
1.60 
t.OS 

«.45 
t.OS 

1 
t 
.0000 

Loooo 

.0000 

.0216 
.0204 

.0174 ] 

.0212! 
.0192 

.52 

.31 

1 

.0050 
.0070 
.0080 

.0002 
.0004 
.0002 

Unrdness  of  No.  4187,  1.3;  of  No.  4188,  1.2. Sample  No.  4186  was  collected  from  the  Ipswich 

River  at  Earaes'  saw  mill,  1  mile  above  the  mouih  of  Martin's  Brook.  No.  4187  was  collected  from 
Marlin's  Brook  at  Park  Street,  one-fourth  of  a  mile  above  the  Ipswich  River.  No.  4188  was  coUocted 
from  the  Ipswich  River  at  the  railroad  bridge,  about  one-fourth  of  a  mile  below  the  mouth  of  Martiii*s 
Brook. 

Microscopical  Examination, 


Xo.  4187.     No.  41«8. 


1.  Bluo-green  Algae, 

2.  Other  Algas, 
8.  Fungi,  . 

4.  Animal  Forms,    . 


0.0 
0.0 
0.0 
pr. 


0.0 
1.3 
0.0 
0.7 


0.0 
0.3 
0.0 
pr. 


Groups  and  principal  genera  of  organisms  observed :    2.  Palmellaceae ;  Dlatomacen.    4.  Protozoa. 


Merrimack  Rivbr. 
The  Merrimack  River  is,  with  the  exception  of  the  Connecticut,- 
the  largest  in  the  State.     It  is  formed  in  the  central  part  of  New{ 
Hampshire,   by   the  confluence    of  the   Pemigewasset  and  Winni- 
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piseogee  rivers,  and  thence  flows  in  a  dii*ection  a  little  east  of  south 
nearly  to  Lowell,  Mass.,  where  it  turns  to  the  east,  and  runs  in  a 
north-easterly  direction  to  the  sea  at  Newburyport.  The  total 
length  of  the  river,  including  the  Pemigewasset,  which  is  a  part 
of  the  main  stream,  is  about  168  miles,  of  which  119  are  in  New 
Hampshire  and  49  in  Massachusetts.  It  is  affected  by  the  tides 
up  to  a  point  between  Haverhill  and  Lawrence,  21  miles  from  its 
mouth. 

The  river  at  its  mouth  drains  an  area  of  4,965  square  miles.  The 
physical  characteristics  of  this  area  vary  greatly  in  its  different 
parts.  The  river  has  its  source  in  the  Franconia  Mountains,  and  the 
whole  upper  portion  of  the  drainage  area  is  mountainous ;  fuither 
down  it  is  hilly.  In  the  lower  portions  there  are  large  areas  of  flat 
land,  and  much  low,  wet  land,  particularly  in  the  valleys  of  the 
Concord  and  Shawsheen  rivers. 

There  are  three  very  large  water  powers  on  the  river,  —  at  Man- 
chester, N.  H.,  and  Lowell  and  Lawrence,  Mass.  These  powers  are 
thoroughly  developed  and  utilized,  mainly  by  cotton  and  woolen 
mills.  The  mills  are  of  such  magnitude  that  they  not  only  utilize 
the  vast  water  power  of  the  river,  but  use,  in  addition,  a  large 
amount  of  steam  power,  particularly  at  Lowell.  All  of  these  estab- 
lishments, and  very  many  othei's  on  the  tributaries  of  the  river,  dis- 
charge their  manufacturing  wastes  into  the  streams. 

The  cities  and  towns  on  the  river  and  its  tributaries  having  a 
population  of  more  than  10,000  each  are  given  in  the  following 
table :  — 


CITY  OR  TOWN. 


Population. 


Concord,  N.H.  (1880),      . 
Manchester,  K.  H.  (1880), 
Fltehbnrg,  Maaa.  (1885),  . 
Nashua,  N.H.  (1880),       . 
LoveU.Hasa.  (1885), 
Marlborough,  Maaa.  (1885), 
Lawrence,  Maaa.  (1885),  . 
Haverhill,  Maaa.  (1885),    . 
Newburyport,  Mass.  (1885), 
Total, 


13,848 
32,630 
16,375 
13,307 
04,107 
10,041 
38,862 
21,705 
13,716 


224,666 
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All  of  these  cities  and  towns,  and  many  smaller  towns  on  the  area 
drained  by  the  river,  have  public  water  supplies,  and  very  nearly 
all  of  the  places  above  named  have  systems  of  sewerage  discharging 
directly  into  the  streams.  The  drainage  areas  and  populations  at 
different  points  on  the  river  are  given  in  the  following  table  :  — 


LOCALTTT. 


DisUince 

flrom 

Mouth. 


Area. 
Sq.  MllM. 


Popala- 

tinn 

(1886). 


Popolatloa 
per 

Sq.  Aiile. 


PemlgewaBset  at  month, 

Outlet  of  Lake  Wlnnlpiseogee  at  dam  at  Lake  Village, 

Winnlpiseogee  Rirer  at  month 

Just  above  mouth  of  Nashua  Rlyert   .       •       •       • 

Above  dam  at  Lowell, 

Above  dam  at  Lawrence 

Above  Haverhill, 

At  mouth, 


110 

124 

110 

63 

39 

27 

18 

0 


1,013* 
366 

480* 
8,448 
4,007 
4,634 
4,819 
4,965 


10,400 

160,653 
230,266 
862,803 
423,577 
450,794t 


28 

47 
66 
78 
88 
01 


*  Taken  from  the  Census  of  1880;  Volume  XVI.,  Water  Power, 
t  Taken  from  the  Census  of  1880;  Volume,  Population,  p.  liv. 


Of  the  total  population  on  the  drainage  area  above  Haverhill  in 
1885,  173,680  were  in  New  Hampshire  and  249,897  in  Massa- 
chusetts. 

The  summer  flow  of  this  stream  is  quite  large,  both  on  account  of 
the  large  area  of  the  watershed,  and  the  storage  furnished  by  Lake 
Winnipiseogee  and  other  lakes  in  the  lake  region  of  New  Hamp- 
shire, and  by  the  many  storage  reservoirs  and  mill  ponds  on  the 
branches  of  the  river. 

The  character  of  the  water  of  the  river  would  naturally  vary  much 
between  its  source  and  its  mouth,  independently  of  any  pollution 
from  artificial  sources,  on  account  of  tlie  varying  character  of  the 
water  brought  into  it  from  its  different  tributaries. 

Analyses  of  the  water  of  the  river  at  Nashua,  Lowell,  Lawrence, 
and  Haverhill,  and  of  Lake  Winnipiseogee  at  its  outlet,  are  given  in 
detail  on  pp.  447-461 ;  and  a  table  showing  the  flow  of  the  Merrimack 
River  at  Lawrence  is  given  on  p.  462.  Analyses  of  water  of  the 
Nashua,  Concord  and  Shawsheen  rivers  are  given  under  these  heads 
in  this  portion  of  the  report.  The  water  of  the  Pemigewasset 
River  has  not  been  analyzed  ;  but,  as  it  comes  from  a  mountainous 
district,  and  drains  one-fourth  of  the  total  area  above  Lowell,  it 
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undoubtedly  has  a  favorable  eflfect  upon  the  character  of  the  river 
water  at  the  latter  place.  The  water  supplied  from  Lake  Winni- 
piseogee  is  of  excellent  quality  ;  and  the  quantity  in  summer  is  much 
larger  in  proportion  to  the  drainage  area  than  that  supplied  by  other 
tributaries.  The  Nashua  and  Concord  rivers  discharge  into  the 
Merrimack  River  water  which  is  inferior  in  quality  to  that  of  the 
main  stream,  and  have  respectively  about  one-eighth  and  one- 
tenth  as  much  drainage  area  as  the  main  river  at  Lowell. 

Lake  Winnipiseogee  is  fed  mainly  by  small  streams  flowing  from 
the  hills  and  mountains  about  it.  It  has  an  area  of  71|  square 
miles,  and  its  shape  is  very  irregular.  Several  long  bays  or  arms 
extend  from  it,  and  it  contains  a  great  many  large  and  small  islands, 
so  that  it  has  a  very  extended  shore  line.  Its  level  is  controlled  by  ■ 
the  dam  at  Lake  Village,  and  it  can  be  drawn  down  four  feet  below 
the  top  of  the  dam. 

The  sample  at  Nashua  is  taken  from  the  Merrimack  just  above  the 
mouth  of  the  Nashua  River,  and,  consequently,  does  not  contain 
any  of  the  sewage  or  manufacturing  wastes  from  this  city.  The 
river  has,  however,  above  this  point,  received  the  sewage  of  Man- 
chester and  Concord,  N.  H.,  situated  respectively  16  and  34 
miles  up  the  river.  The  next  sampling  point  is  a  short  distance 
above  the  dam  at  Lowell,  14  miles  below  Nashua,  and  directly 
opposite  the  inlet  of  the  Lowell  Water  Works.  Samples  were 
taken  at  this  place  from  the  river,  and  were  also  taken  from  the 
inlet  chaml>er  of  the  Lowell  Water  Works,  where  the  water  comes 
directly  in  from  the  river.  Other  samples  were  taken  at  Central 
Bridge,  Lowell,  below  where  the  river  receives  a  part  of  the  sewage 
of  the  city,  and  much  manufacturing  waste  from  the  mills  on  its 
banks.  There  is  no  opportunity  to  collect  a  fair  sample  imme- 
diately below  the  city,  on  account  of  the  rapids  known  as  Hunt's 
Falls,  where  the  river  descends  about  11  feet.  The  next  sampling 
place  was  therefore  located  four-fifths  of  a  mile  above  the  dam  of  the 
Essex  Company  at  Lawrence,  and  directly  opposite  the  intake  of 
the  Lawrence  Water  Works.  This  point  is  9  miles  below  Lowell, 
which  is  a  suflScient  distance  to  permit  the  sewage  discharged  into 
the  river  at  the  latter  place,  on  the  southerly  side  of  the  stream,  to 
be  thoroughly  mixed  with  the  water  in  all  parts  of  the  stream.  The 
remaining  places  at  which  samples  were  taken  regularly  are  below 
Lawrence,  one  and  three-eighths  miles  below  the  dam,  and  above 
Haverhill.     The  former  point  is  so  near  Lawrence  that  it  may  be 
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doubted  if  the  sewage  of  the  city  thoroughly  mingles  with  the  river 
water  before  reaching  it.  The  distance  between  the  points  is  7 
miles.  Samples  were  taken  on  one  occasion  just  below  Haverhill, 
but  none  farther  down  the  river. 

The  character  of  the  river  water  varies  so  much  from  time  to 
time,  from  natural  causes,  and  the  dilution  of  the  polluting  matter 
turned  into  the  stream  is  so  great,  that  it  is  essential,  in  making 
comparisons  between  the  analyses  at  dilSferent  places,  to  use  only 
those  which  correspond  with  each  other  as  regards  the  time  of  col- 
lecting the  samples. 

The  following  table  presents  comparisons  made  upon  this  basis, 
with  the  further  precaution  that  all  portions  of  analyses  affected 
by  abnormal  conditions  are  excluded,  such  as  for  instance  freshets, 
when  the  water  contains  much  silt. 


Summary  giving  CoMPARtsoN  op  Analyses  of  Samples  collected  at 
Corresponding*  Times  from  Different  Points  on  the  Merrimack 
KiVER  and  at  Lake  Winnipiseogee. 


Lake  Winnipiseogee  and  above  Nashiia. 


J 

RKSIDUR  0!I 

Ammonia. 

i 

NiTROOKX 

Evaktbation. 

1 

ALBUM  IKOID. 

A8 

^ 

§1 

|6 

i 

1 

s«> 

II 

i 
s 

1 

5 

Number  of  determinations  compared, 

10 

0.00 
0.31 

0.34 

1     16 

1 

16 

16' 

1 

10 

10 

6 

6 

10 

.118 

.148 

1 

1.030 

1 

w 

10 

11 

Mean  of  analyses,  Lake  Wiunipi*ee, 
Mean  of  analyses,  above  Nashua,     . 

|2.13 
j3.T3 

1.60 

0.50 
1.00 

1 
1.54 

1.10, 

.0003 
.0014 

.0001 
.0153 

.0085 
.0132 

.0015 
.0032 

.0038 
.0074 

.0000 
.0002 

Increase 

0.50 

.0011 

.0062 

.0047 

.0017 

1 
.0036 

.0002 

Above  Nashua  and  above  Lowell. 

Number  of  determinations  compared, 

18 

0.34 
0.34 

0.00 

15 

3.T, 
3.83 

0.05 

1 

15 

1.11 
1.03 

0.08* 

15 

2.67 
2.80 

18 

18 

6 

•1 

18 

.149 
.164 

.015 

18 

10 

Mean  of  analyses  above  Nashua, 
Mean  of  analyses  above  Lowell, 

.0015 
.0021 

.0153 
.0154 

.0185 
.0186 

.0028 
.0026 

.0073  '.0002 
.0000  .0002 

Increase,        

0.13 

.0006 

.0001 

.0001 

.0002* 

.0026 

.0000 

*  Decrease. 
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^ 

RsaiDux 

ow 

3 

NiTROOKH 

EvAPusATioar. 

1 

AI.BCMINQID. 

A8 

H 

§1 

1 

1 

it 

1 

Namber  of  determlnationa  oompared, 

0.82 
0.01 

23 

3.02 
3.82 

28 

1.01 
1.08 

23 

2.61 
2.74 

28 

23 

11 

11 

23 

.154 
.188 

« 

16 

Mean  of  analyMs  above  Lowell, 
Meanof  anal*e  at  Cent*!  B'ge,  Lowell, 

.0018 

.0149 
.0170 

.0121 
.0130 

.0022 
.0(H1 

Look 

'.OOT. 

.0002 
.0002 

Inerease, 

0.20 

0.07 

0.13 

.0004* 

.0021 

.0000 

.0019 

.0013* 

.0000 

Above  LaweU  and  above  Lawrence 

• 

K  nmber  of  detenninattonfl  compared, 

80 

0.81 
0.82 

0.01 

20 

8.77 

1 

0.23 

20 

0.96 
1.05 

0.09 

20 

2.58 
2.72 

0.14 

1       '^ 

81 

21 

21 

28 

.152 
.178 

.026 

29 

25 

Mean  of  analyeea  above  Lowell, 
Mean  of  analytee  above  Lawrence, . 

1.0018 
.0026 

.0148 
.0175 

.0027 

.0126 
.0142 

.0017 

.0024 
.0033 

.0009 

.0091 
.0088 

.0003* 

.0002 
.0002 

Increase, 

|.00O7 

.0000 

Above  Lawrence  and  below  Lawrence, 

Namber  of  determinations  eompared, 

20 

0.32 
0.34 

0.02 

20 

3.77 
4.09 

0.32 

20 

1.05 
1.18 

0.13 

20 

2.72 
2.91 

0.19 

21 

21 

11 

11 

.155 
.199 

19 

15 

Mean  of  analyses  above  Lawrence,  . 
Mean  of  analyses  below  Lawrence,  . 

.0021 
.0010 

.0174 
.0195 

.0137 
.0149 

.0035 
.0040 

.0090 
.0086 

.0003 
.0003 

Increase 

.0011* 

.0021 

.0012 

.0005 

.014 

'.0004* 

1 

.0000 

Behw  Lawrence  and  above  Haverhill. 

■ 

20 

0.34 
0.32 

0.02* 

20 

4... 
4.15 

0.06 

20 

1.18 
1.19 

0.01 

20 

2.91 
2.96 

0.05 

21 

21 

10 

10 

19 

.199 
.201 

.005 

19 

.0086 
'.0097 

.0011 

1 

15 

Mesn  of  analyses  below  Lawrence,  . 
Mean  of  analyses  above  Haverhill,   . 

.0010 
.0025 

.0195 
.0197 

.0148 
.0154 

.0042 
.0043 

.0003 
.0003 

Inerease, 

.0015 

.0002 

.0000 

.0001 

.0000 

*  Decrease. 


To  further  facilitate  comparison,  the  following  table  has  been 
compiled  from  that  given  above.  The  analyses  above  Lowell  and 
above  Lawrence  have  been  transferred  from  that  table  to  the  one 
below,  and  are  taken  as  standards  because  they  represent  the  greatest 
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number  of  determinations.  The  analyses  at  other  places  have  been 
calculated  from  these  by  adding  or  subtracting  the  differences  from 
place  to  place. 


Summary  of  Analyses 

of  Merrimack  River  Water  at  Various  Points, 

compiled 

% 

from  the  Previous  Table, 

^ 

Rrsiduk  oh 

EVAPOIUTIOV. 

Ammonia. 

1 

NiTKOOKV 

i 

Albcminoid. 

A8 

1 

1 

1 

1 

3i 

■  i 

i 

H 

Lako  Winnipiseogee,  N.  H., 

0.00 

1.89 

0.64 

1.35 

.0001 

.0085 

.0077 

.0009 

.107  ,.0029 

.0000 

Above  Xashoa,  N.  H.,       . 

0.31 

3.40 

1.04 

2.45 

|.0012 

.0147 

.0124 

.0026 

.137 

.0065 

.0002 

Above  Lowell,    . 

0.31 

3.54 

0.06 

2.58 

.0018 

.0148 

.0125 

.00^ 

.152  '  .0091 

.0003 

Above  Central  Bridge,  Lowell 

0.32 

3.74 

1.03 

2.71 

.0014 

.0169 

.0131 

.0048 

.161 

.0078 

.0003 

Above  Lawrence, 

0.32 

3.77 

I. Oft 

2.72 

.0035 

.0175 

.0142 

.0033 

.178 

.0088 

.0002 

Below  Lawrence, 

0.84 

4.00 

1.18 

2.91 

.0014 

.0196 

.0154 

.0038 

.222    .0081 

.0002 

Above  Haverhill, 

0.32 

4.15 

1.19 

2.96 

.0029 

.0198 

.0160 

.0039 

.227'  .0095 

1 

.0002 

NoTK.  — This  table  and  the  preceding  include  analyses  of  later  date  than  those  given  in  the  detailed 
tables  which  follow. 

The  average  rate  of  flow  per  24  hours  at  Lawrence  during  the 
days  represented  by  the  largest  number  of  determinations  was  9,145 
cubic  feet  per  second,  which  is  about  four  times  the  low  water  flow 
of  the  river  in  an  ordinary  dry  season. 

The  quantities  shown  in  the  table  increase  from  place  to  place,  in 
most  cases  with  a  fair  degree  of  regularity.  Exceptions  to  this  rule 
occur  in  the  columns  of  free  ammonia  and  of  the  albuminoid  am- 
monia in  suspension.  In  both  of  these  there  is  on  the  whole  as  in 
the  other  cases,  an  increase  in  the  quantities,  though  between  cer- 
tain places  there  is  a  noticeable  decrease.  In  the  case  of  the  free 
ammonia,  there  is  an  increase  from  Nashua  to  above  Lowell,  from 
Central  Bridge  to  above  Lawrence,  and  from  below  Lawrence  to 
above  Haverhill.  These  sections  of  the  river  have,  as  a  rule,  but 
little  fall  to  agitate  the  water,  excepting  a  sliort  distance  below 
Central  Bridge,  where  the  water  descends  about  11  feet  over  rapids 
known  as  Hunt's  Falls.  In  the  first  two  sections  the  river  receives 
considerable  pollution  from  the  sewage  of  Nashua  and  other  places 
in  the  Nashua  basin,  and  from  the  city  of  Lowell,  but  in  the  last 
section  the  increase  in  free  ammonia  takes  place,  without  any  large 
amount  of  polluting  matter  entering  the  river  to  account  for  it. 
From  above  Lowell  to  Central  Bridge,  and  from  above  to  below 
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Lawrence,  there  is  a  decrease  in  the  amount  of  free  ammonia,  not- 
withstanding the  large  amount  of  ammonia  which  enters  the  river  in 
the  sewage  from  these  cities.  Whether  this  is  in  any  way  connected 
with  the  large  fall  of  the  river  at  these  places  cannot  be  said  with 
certainty. 

In  the  case  of  the  albuminoid  ammonia  in  suspension  the  results 
are  just  the  i-everse  of  those  found  with  the  free  ammonia.  The 
amount  of  the  former  is  greater  just  below  where  polluting  matters 
are  discharged  into  the  stream,  where  the  current  is  strong,  and 
less  at  more  distant  points,  where  the  current  is  sluggish,  so  that 
the  suspended  particles  are  deposited. 


Chemical  Examination  of  Water  from  Lake  Winnipiseogee  at  Lake  Village^  N.  H. 

[rartB  per  100,000.] 


Datb  ov 

Afpsabakcb. 

Rbsiddb  on 

EVAFOBATIOar. 

Ammokia. 

j 

KZTBOOBB 
AS 

1 

5 

|i 

1 

1 

1 

1 

i 

1 

1 

< 

1 

^ 

87 

18 

Juno  11 

Jane  14 

SUght. 

SHght. 

0.00 

2.35 

1.00 

1.35 

.0002 

.0076 

.14 

.0000 

. 

801 

Jaly  11 

Jaly  12 

None. 

None. 

0.00 

2.10 

0.80 

1.30 

.0002 

.0085 

.14 

.0000 

- 

M8 

Anff.l5 

Aag.  16 

'very  slight. 

VerysHght. 

0.00 

1 

2.22 

0.52 

1.70 

.0005 

.0077 

.13 

.0000 

1 

- 

138 

Sept.  12 

Sept.  13 

Slight. 

VerysHght. 

0.00 ' 

2.22 

0.60 

1.82 

.0000 

.0088 

.14 

'.0070 

- 

984 

Ort-  17 

Oct.  18 

Very  slight. 

SHght. 

0.00 

2.10 

0.45 

1.65 

.0000 

.0008 

1 

.10 

.0000 

- 

1187 

Nov.  14 

Nov.  15 

Very  slight. 

SHght. 

0.00 

2.05 

0.65 

1.40 

.0000 

.0080 

.11  '.0030 
.14    .0020 

- 

1888 

Deo.  12 

Dec.  13 

Very  slight. 

SH't.whlte. 

0.00 

1.80 

0.30 

1.50 

.0000 

.0107 

- 

1004 

18 

Jan.  16 

88. 
Jan.  17 

VerysHght. 

VerysHght. 

0.00, 

1.05 

0.46 

1.50 

.0001 

.0070 

.12    .0030 

.0000 

1814 

Feb.  13 

Feb.  14 

Very  slight. 

None. 

0.00 

2.35 

0.75 

1.60 

.0000 

.0113 

.14    .0080  .0001 

9001 

ICar.  12 

Mar.  14 

Very  slight. 

VerysHght. 

0.00 

2.05 

0.55 

1.50 

.0023 

.0092, 

.11    .0070  .0002 

2280 

Apr.  16 

Apr.  17 

VerysHght. 

VerysHght. 

0.00 

2.10 

0.50 

1.60 

.0086 ' 

1 

.13    .0050  .0000 

1           1 

8427  May  14 

May  15 

VerysHght. 

VerysHght. 

0.00 

2.20 

0.50 

1.70 

.0000 '.0058 

1 

.10  j.OOOO  .0000 

8685' June  11 

Jane  12 

VerysHght. 

SH»t,whlte. 

0.00 

2.33 

0.63 

1.80 

.0000 

.0000 

1 

.12 

.ooso'.oooo 

8825   July  23 

Jaly  24 

Slight. 

None. 

0.00 

i 

2.10 

0.30 

1.80 

.0000 

.0006 ' 
.0082 1 

.10 

.0020  .0000 

1 

2822 'Aug.  13 

Aug  14 

VerysHght. 

VerysHght. 

0.00 

2.30 

0.60 

1.80 

.0006 

.0098 
.0080 

.,. 

.0050  .0000 

8108 

Sept.  17 

Sept.  18 

VerysHght. 

VerysHght. 

0.00 

2.15 

0.65 

1.60 

.0000 

.0006 
.0078 

.12 

.0060 

.0000 

8880 

Oct.  16 

Oct.  16 

VerysHght. 

VerysHght. 

0.05 

2.00 

0.60 

1.40 

.0000 

.0100 

.0096 

.08    .0060  .0000 

,1 

8532 

Nov.  12  Nov.  13 

1 

Slight. 

Sli»t.whlte. 

0.00 

i 

1.90  0.60 

J 

.0000 

.0106 
.0100 

.00^  .0060  .0000 

1            j 

8688 

Dec.  10 1  Dee.  11^ 

1 

VerysHght. 

BH't.whtte. 

0.00 1 

1.95  0.60 

1.46 

.0000 

.0104 
.0076 

.10. 0050 '.0000 

i           1 
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Chemical  Ezamination  of  Water  from  Lake  Winnipiseogee  at  Lake  Village^  N,H, 

—  Concluded. 


Datb  of 

Appbarakcb. 

Rbsidur  ox 

EVAfORATION. 

AVKONIA. 

U 

NiTROGKX 
AS 

s 

1 

1 

i 

1 

I 

ii 

1 

1 

is 

< 

1 
1 

1 

3847 

18 

Jan.  14 

S9. 

Jan.  15 

VerysUght. 

VeryBllght. 

0.05 

2.00 

0.60 

1.40 

.0000 

.0068 
.0054 

.10 

.0060 

.0000 

4030 

Feb.  18 

Feb.  19 

Very  slight. 

Very  Blight. 

0.00 

1.95 

0.40 

1.55 

.0000 

.0072 
.0064 

.10 

.0030 

.0000 

4333 

Mar.  18 

Mar.  19 

Very  Blight. 

Very  Blight. 

0.03 

2.00 

0.69 

1.40 

.0008 

.0124 
,0112 

.12 

.0040 

.0000 

4517 

Apr.  16 

Apr.  16 

Slight. 

Slight. 

0.00 

1.95 

0.55 

1.40 

.0000 

.0106 
.0062 

.11 

.0080 

.0000 

4658 

May  18 

May  14 

Very  Blight. 

VeryBllght. 

0.08 

2.00 

0.65 

1.35 

.0000 

.0118 
.0100 

.12 
.12 

.0030 

.0000 

Av. 

0.01 

2.12 

0.59 

1.63 

.0002 

.0092 

.0038 

.onoo 

HardneBS  in  May,  1888,  1.3.    Odor,  none,  rarely  vegetable. The  samples  were  collected  at  the 

Lake  Company's  dam  at  Lake  Village,  N.  H. 


Microscopical  Examination. 


188S. 

1889. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-green  Alga, 

0.0 

0.0 

0.0 

pr. 

pr. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algss, 

0.0 

1.6 

0.7 

0.9 

1.8 

1.1 

0.0 

1.4 

0.4 

0.4 

1.4 

16.9 

0.2 

3.  Fungi, 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 '  0.0 

4.  Animal  Forms,    . 

0.0 

0.7 

0.0 

pr. 

pr. 

0.2 

0.0 

pr. 

0.0 

pr. 

0.1 

65.6    0.0 

Groups  and  principal  genera  of  organlsras  observed:  1.  Cyanophyoea.  2.  Palmellacete;  Zoo- 
spores; DesmidiacesB;  Dlatomacefls,  Melosira.  3.  Schizomycetes.  4.  Protozoa,  Dinobryon;  Spongi- 
aria;  Entomostraca. 


Chemical  Examination  of  Water  from  the  Merrimack  River  at  Nashua^  N,  H, 

[Parts  per  100.000.] 


Date  of 

APraARAKCB. 

IlKSIDUK  ON 
EVAt'ORATIOK. 

AXMOKIA. 

i 

NlTHOGK>- 
AS 

525 

j 

i 

1 

«i 

1 

1 

1 

1 

< 

1 

^ 

90 

Juno  14 

«7. 

June  15 

None. 

Con.,brown. 

0.50 

4.37 

1.95 

2.42 

.0006 

.0128 

.21 

.0070 

_ 

320 

July  12 

July  13 

Slight. 

Sll%brown. 

0.40 

4.50 

1.30 

3.20 

.0002 

.0143 

.12 

.0040 

- 

561 

Aug.  15 

Aug.  17 

Very  slight. 

SU't,  brown. 

0.60 

3.92 

1.07 

2.85 

.0031 

.0168 

.12 

.0070 

- 

767 

Sept.  14 

Sept.  15* 

Distinct. 

Sirt.earthy. 

0.15 

3.75 

0.85 

2.90 

.0011 

.0160 

.18 

.0030 

- 
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Chemical  Examination  of  Water  from  the  Merrimack  River  at  Nashua,  N.  H. 

—  Conuluded. 


Datb  of 

liKSIDUK  ON 
EVAPOKATIOX. 

1 

1   AXMOHIA. 

i 

NITBOOBH 
AS 

s 
55 

Collection. 

Exam- 
inution. 

■j 

C 

J 
S5 

1 

i 

1    '<** 

il 

s 
S 

'A 

MO 

18 

Oct.   18 

Oct.  19 

Slight. 

Sli't,  earthy 
and  floc't. 

0.30 

8.85 

0.70 

8.15 

.0022 

1 

1 
.0180 

.18 

.0070 

- 

1198 

Xov.  15 

Nov.  16 1 

1 

DliUnct. 

Con.,  earthy 
and  floc'i. 

0.85 

4.25 

1.20 

8.05 

1           1           1 
.0018  .0196, 

1       ; 

.20 

.0050 

- 

1424 
1042 

Dec.  15 

1ft 

Jan.  18 

Dec.  16 

ftft.         1 
Jan.  20 

Decided. 
Distinct. 

Much,e'rthy 
and  iloc'i. 

Slight. 

0.45 
0.20 

8.90 
3.30 

3.70 

1.70 
1.25 

1.05 

7.20 
2.05 

2.65 

.0012 

1 
,.0010 

.01881 
.0100 

.12 

.10 

Loloo 

.0200 

: 

1851   Feb.  15 

Feb.  17 ; 

DUUnct. 

Very  slight. 

0.30 

3.55 

1.00 

2.55 

.0014 '.0135  1 

.17 

1.0100 

.0000 

20S7   Mar.  16 

Mar.  19 : 

DUUnct. 

Oonsld'ble. 

0.20 

3.70 

0.05 

2.75 

.0013 

.0122; 

.17 

.0100  .0001 

2262   Apr.  18 

Apr  20 

Distinct. 

Con.,e'rthy. 

0.30 

4.80 

0.60 

4.20 

.0000 

.0111 

.11 

'.0080  .0002 

2453  1  May  10 

May  18. 

Decided. 

Much, 
earthy. 

0.25 

10.85 
8.15 

1.40 
1.45 

9.46 
1.70 

.0000 

.0144 
.0136 

.10 

.0050  .0001 

2616  June  14 
1 

Jnne  16 

i 

Very  slight. 

Sirt,  earthy 
and  ttoc't. 

0.40 

!  3.20 

1.05 

'.0026 
2.15  1 

.0128 
.0120 

.11 

'.0O60 

.0001 

2805   July  19 

July  20 

1 

Slight. 

Sll't,brown. 

0.20 

3.10 

0.90 

2.20 

.0004 

.0184! 
.0132 

.11 

.0020 

.0002 

2K>4 

Aug.  15 

Aug.  17 

1 

Slight. 

Sll't,earthy. 

0.20 

3.30 

0.80 

2.50 

j.0028 

.0128 
.0106 

.16 

.0050  .0002 

3227 

Sept.  20  Sept.  21 

Slight. 

Sli't.earthy. 

0.30 

3.90 

1.35 

i'.OOW 
2.55 '■ 

.0208 
.0160 1 

.18 

.0050  1.0005 

1 

3395 

Oct.   17   Oct-  19 

Very  slight. 

Sii't,  earthy 
und  lloc't. 

0.60 

4.25 

1.33 

i.OOOS 
2.95  i 

.01. •>2 
.0148, 

.15 

.0070  |. 0003 

1 

3555   Nov.  14  !  Nov.  16 

Slight. 

Sll't,earthy. 

0.50 

!  3.40 

1.15 

1.0022 

2.25,! 

.0176' 

.om 

.14 

.0100  .0002 

1 

8705   Doc.  11 

Dec.  13 

.     i 

Decided. 

Con.,e'rthy. 

0.20 

2.95 

5.01 

0.90 

2.05 

.0008 

1 
1 

.0140 , 
.0106 

.14 
.15 

.0090  .0002 

1 

^..j 

1 

' 

0.34 

1.15 

3.86 

1 
,.0014 

.0153 

.0074 '.0002 



1        1 

i 

1 

HardncHtf  in  May,  1888,  0.6.    Odor,  very  faintly  vegetable,  frequently  none. The  samples  were 

collected  from  the  middle  of  the  Mcrfimack  Kiver,  above  the  Nashua,  opposite  the  mouth  of  the  old 
caoaL    There  were  heavy  rains  Just  previous  to  the  collection  of  No.  1198  and  No.  3227. 

Microscopical  Examination, 


I         I 

June.    July,  j  Aug. 


Sept.  t  Oct. 


Xov.     Dec 


1.  Blue-green  AlgoDi 

2.  Other  Alga?, 

3.  Fungi, 

4.  Animal  Forms,  . 


i 
0.0 

pr. 

0.0 

pr. 

0.0 

0.0 

3.2 

1.6 

2.9 

2.0 

1.3 

pr. 

4.0 

1.0 

0.0 

pr. 

1.0 

0.0 

pr. 

0.1 

0.6 

pr. 

0.2 

0.0 

0.0 
0.7 
0.0 
0.1 


Groups  and  principal  genera  of  organisms  observed:    1.  Cyanophyceie.    2.   Palraellaceo};   Zoo* 
Desraidiaccie ;  Diatomaceso,  JleloairOt  Si/nedra,  TabelUtria.    3.  Bchizomycetes,  Crenothrix, 
Protozoa;  Nematoda;  Rotlfera. 
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WATER  SUPPLY  AND  SEWERAGE.  [Dec. 

above  Lowell 


Chemical  Examination   of  Water  from   the   Merrimack   Hiver 
opposite  the  Inlet  to  the  Lowell  Water  Works. 

[Parts  per  100,000.] 


Datk  of 

Appbaranob. 

ItEHIDUB  OK 
EVAPORATIOH. 

Ammovia. 

i 

1 

JS 

U 

1  NlTROOEV 

AS 

1 

1 

1 
1 
§ 

Ji 

^ 

j 

j 

^ 
1 

H 

1 

ll 

< 

5 

■c 

103 

18 

Jane  14 

»7. 

Jane  16 

Slight. 

Verysllght. 

0.40 

1 

8.90 

1.65 

2.35 

.0020 

.0122 

.16    .0130 

_ 

332 

July  14 

July  15 

Very  slight. 

Slight. 

0.40 

3.66 

1.16 

2.40 

.0010 

.0133 

.12 '.0030 

- 

678 

Aug.  18 

Aug.  19 

Very  slight. 

Verysllght. 

0.60 

4.07 

1.15 

2.92 

.0027 

.0177 

.14    .0070 

- 

782 

Sept.  15 

Sept.  16 

SUght. 

Slight. 

0.15 

8.95 

0.80 

8.15 

.0018 

.0148 

.201.0070 

- 

998 

Oct.  20 

Oct.  21 

Very  slight. 

Verysllght. 

0.40 

3.85 

0.70 

3.15 

1 

.0042 

.0162 

. 19  j. 0080 

- 

1209 

Xov.  17 

Nov.  18 

Decided. 

Con., earthy 
and  floc't. 

0.75 

6.16 

1.26 

3.90 

.0026 

.0203 

.24    .0090 

- 

1415 
1644 

Dec.  15 

18 

Jan.  19 

Dec.  16 

88. 
Jan.  21 

Decided. 
Verysllght. 

Considera- 
ble, earthy. 

Verysllght. 

0.40 
0.30 

6.60 
3.95 

1.60 
1.00 

4.10 
2.95 

.0007 
.0016 

.0109 
.0110 

.15    .0120 

.13!'. 0200 

1 

.0001 

1848 

Feb.  16 

Feb.  17 

Slight. 

Veryslight. 

0.35 

3.90 

0.95 

2.95 

.0046 

.0160 

.19  ■  .0180 

.0003 

2020 

Mar.  15 

Mar.  16 

Slight. 

Verysllght. 

0.20 

3.65 

0.90 

2.75 

.0031 

.0122 

.21 ,  .0080 

.0002 

2263 

Apr.  19 

Apr.  20 

Distinct. 

Con., earthy 
and  floc't. 

0.25 

6.30 
2.65 

0.70 
0.65 

6.60 
2.00 

.0000 

.0116 

.16 

1 

.0100 

.0003 

2460 

May  17 

May  18 

Decided. 

Much. 

earthy. 

0.25 

18.15 
2.70 

1.10 
1.10 

12.05 
1.60 

.0000 

.0164 
.0110  1 

.09 

1 

.0030 

.0001 

2003 

Jane  14 

June  15 

Veryslight. 

SliX  earthy 
and  floc't. 

0.35 

3.55 

0.95 

2.60 

.0020 

.0162 
.0128 

.16 

.0100 

.0003 

2909 

July  19 

July  23 

Vi-ry  Blight 

Verysllght. 

0.10 

3.20 

0.55 

2.65 

.0014 

.0142 
.0124 

.19; 

1 

.0050 

.0001 

2958 

Aug.  16 

Aug.  17 

Slight. 

Slight. 

0.20 

8.95 

0.85 

3.10 

.0026 

.0140, 
.0124 

.22, 

.0070 

.0002 

2959 

Aug.  16 

Aug.  17 

Slight. 

Slight. 

0.25 

8.75 

0.90 

2.85 

.0022 

.0158 ; 

.0144' 

.22 

.0080 

.0003 

2900 

Aug.  16 

Aug.  17 

Slight. 

Slight. 

0.15 

8.90 

0.65 

3.25 

.0018 

.0180 
.0150 

.22 

.0070 

.0002 

322S 

Sept.  20 

Sept.  21 

Slight. 

Slight, 
earthy. 

0.20 

8.60 

1.05 

2.55 

.0026 

.0186 
.0172 

.16 

.0080 

0005 

8220 

Sept.  20 

Sept.  21 

Slight. 

Slight. 

earthy. 

0.30 

8.55 

1.35 

2.20 

.0028 

.0174 1 
.0158 

.16 

.oono 

.0004 

8397 

Oct.  18 

Oct.  19 

Slight. 

BMght. 

0.50 

8.36 

1.25 

2.10 

.0004 

.0164 
.0134 

.11' 

.0070  .0002 

3396 

Oct.  18 

Oct.  19 

Slight. 

Slight. 

0.60 

8.50 

1.25 

2.25 

.0000 

.0176 
.0148 

.13' 

.0060  .0003 

3556 
8874 

Nov.  15 

18 

Jan.  17 

Nov.  16 

89. 

Jan.  19 

'  Slight. 

Slight. 

milky. 

Slight. 

earthy. 

Considera- 
ble, earthy. 

0.60 
0.15 

2.75 

1.30 
0.50 

1.90 
2.25 

.0002 
.0000 

.0152 
.0122 

.0100 
.0100 

.10 
.12 

.0150  .0002 
.0060  .0004 

4084 

Feb.  21 

Feb.  23 

Slight. 

Slight. 

0.20 

3.20 

1.00 

2.20 

.0008 

.0108 
.0090 

.16 

.0180  .0004 

4368 

Mar.  21 

Mar.  22 

Distinct, 
i          millcy. 

Considera- 
ble, earthy. 

0.20 

1  .0000 
1.85  j, 

.OL-iO 
.0114 

1 

.09 

.0080  .0003 
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Chemical  Examination  of  Water  from  the  Merrimack  River  above  LoweU 
opposite  the  Inlet  to  the  Lotoell  Water  Worke — Concluded. 


Datb  or 

Appbaeancb. 

Rksiddb  on 
Evaporation. 

AmfOHiA. 

1 

(   NiTBOGBN 
AS 

1 

s 

9 

I 

|1 

1 

1 

1 

H 

§1 

|5 

1 

il 

< 

i 

• 

4536 
4000 

18 

Apr.  18 

May  18 

a.. 

Apr.  19 
May  20 

1 
SUght. 

SUght. 

Considera- 
ble, earthy. 

Con.,earthy 
aod  floo't. 

0.20 
0.20 

2.70 
3.25 

o.n 

0.8S 

1.95 
2.30 

.0002 
.0032 

.0130 
.0112 

.0156 
.0138 

.08 
.15 

.15 

.0020 

.0050 

1 

J. 0087 

.0002 
.0002 

Av. 

0.32 

6.09 

1.06 

4.03 

.0016 

.0147 . 

.0002 

NoTS.— In  making  the  above  average  the  mean  analysis  has  been  used  where  more  than  one 
Is  given  for  any  day. 

Hardness  In  May,  1888,  0.0.    Odor,  very  faintly  vegetable,  often  none,  occasionally  monldy. 

The  samples  were  collected  from  the  river  opposite. the  Inlet  to  the  Lowell  Water  Works  one  foot 
beneath  the  surface.  Nos.  2958  and  2950  were  collected  from  all  parts  of  the  width  of  the  river,  No.  2958 
being  eoUeetad  from  the  north  half  of  the  river  and  No.  2950  being  collected  from  the  sonth  half.  No. 
3228  was  from  the  middle  of  the  north  half  of  the  river  and  No.  3229  from  the  middle  of  the  south  half. 
No.  339T  was  from  the  north  half  of  the  river  and  No.  3396  from  the  south  half. 

Microscopical  Examination, 


188S.                                                II  .                1889. 

June. 

July. 

Aug. 

Aug. 

Aug.  Sept' Sept.  Oct. 

1          1          i 

Oct. 

Nov. 

D«c."  Jan. 

1 

Feb. 

Mar.  Apr.  May. 

1 

1.  Blae-green  AIg»| 

pr. 

0.0 

pr. 

1 
0.0  '  0.0     pr. 

0.0 

0.0 

0.0 

0.0 '  0.0     0.0 

1 

0.0 

0.0 

0.0 

pr. 

2.  Other  Algie, 

4.2 

0.9 

2.4 

5.7 

4.3 

1.8 

2.6 

pr. 

0.5 

1.7   0.2     0.3 

0.2 

0.5 

0.9 

0.3 

3.  Fungi, . 

0.1 

0.1 

0.0 

0.0 

pr. 

pr. 

pr. 

0.0 

0.0 

0.0   0.0     0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,  . 

0.0 

0.1 

pr. 

0.2 

0.2 

pr. 

0.1 

0.0 

0.0 

0.0    pr.     0.0 

pr. 

pr. 

0.0 

0.0 

Groups  and  principal  genera  of  organisms  observed :  1.  Cyanophyce».  2.  Palmellaceee,  Ohloro- 
eoccu9;  Zoosporeae,  Scenede»mu$;  Dcsmldlaceaa ;  Dlatomacesa,  Synedrat  Tabellarta.  8.  Schlzomy- 
cetes.    4.  Protozoa;  Rotifera. 


Chemical  Examination  of  Water  from  the  Merrimack  River  above  LoweU  at  the 
Inlet  to  the  Lowell  Water  Works, 

[Partn  per  100,000.] 


Datb  o» 

Appbaraxcb. 

Rbsiduk  dm 
evaporatiox. 

Ammonia. 

"1 

Nitrogen 

A8 

k 

£ 
?, 

1 

i 

Jl 

1         ^ 

1 

9 
1            H 

1 

1 

i 

hI 

.3 

1 

1 

2 

il 

< 

1 

!    1 

9, 

104 
833 

18 

June  14 

July  14 

8r. 
June  15 

July  15 

Decided. 

1         . 
Very  slight. 

ConBid'ble, 
brown. 

Very  slight. 

0.30 
0.40 

4.20 
3.90 

1.50 
1.35 

2.70 
2.55 

.0019 
.0025 

.0119 
.0151 

.24 
.14 

.0130 

.0070 

1 

- 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Chemical  Examination  of  Water  from  the  Merrimack  River  above  Lowell  at  the 
Inlet  to  the  Lowell  Water  Works — Concluded. 


Datb  of 

APPKABAirCB. 

1       Rbsiddk  on 
evapokatiov. 

ASCMOSIA. 

U 

liITROOlLSr 
AS 

s 

a 
H 

«i 

5 

I 

u^ 

t 

1 

Si 

S 

677 

18 

Aug.  18 

87. 

Aug.  19 

Decided. 

Slight,  red. 
dith  brown. 

0.60 

5.62 

0.85 

4.77 

.0129 

.0131 

.19 

.0260 

- 

783 

Sept.  15 

Sept.  16 

Slight. 

Slight. 

0.15 

i   4.10 

1.00 

3.10 

.0030 

.0160 

i    -21 

.0070 

- 

1000 

Oct.  20 

Oct.  21 

Very  Blight. 

Very  Blight. 

0.25 

4.10 

0.85 

3.25 

.0035 

.0136 

i    •'' 

.0080 

- 

1211 

Nov.  17 

Nov.  18 

Decided. 

j 

Con  ..earthy 
and  floc't. 

0.75 

5.35 

1.05 

4.30 

.0026 

.0246 

1    .26 

.0100 

- 

1417 
1646 

Dec.  15 

18 

Jan.  19 

Dec.  16 

88. 
Jan.  21 

Decided. 
Slight. 

Con.,earthy 
and  floc*t. 

Slight. 

0.40 
0.25 

5.60 
3.80 

1.30 
0.85 

4.80 
2.95 

.0016 
.0012 

.0167 
.0120 

!    .18 
.14. 

.0100 
.0200 

.0001 

1849 

Feb.  16 

Feb.  17 

!  SUght. 

Very  Blight. 

0.35 

3.70 

0.75 

2.95 

.0056 

.0157 

.18 

.0150 '.0000 

2022 

Mar.  15 

Mar.  16 

1  Dlatlnct. 

Very  Blight. 

0.20 

8.65 

0.85 

2.80 

.0034 

.01061 

.17 

.0100 '.0001 

2265 

Apr.  19 

Apr.  20 

Decided. 

Much, 
brown. 

0.35 

7.15 
2.90 

0.80 
0.80 

6.35 
2.10 

.0022 

.0126 

.14 

1 

.0200  1.0002 

1 

24:)1 

May  17 

May  18 

Decided. 

Much, 
earthy. 

0.30 

12.15 
2.85 

1.30 
1.65 

10.85 
1.20 

.0004 

.0189 
.0110 

.111 

.0080  .0000 

2G0i 

June  14 

June  15 

Slight. 

Sll't.eartby 
and  lloc't. 

0.30 

3.70 

0.80 

2.90 

.0056 

.0142 
.0124 

.11 

.0150  .0001 

2810 

July  19 

July  21 

SUght. 

Sll't,  earthy 
and  floe' I. 

0.10 

8.40 

0.70 

2.70 
4.24 

.0024 

.0170 
.0116 

.18 

.18 1 

.0050 '.0002 

1 

t 

Av. 

1 

0.33 

6.28 

1.04 

.0035 

.0151 

0124  1  0001 

1 

HardnesB  In  May,  1888,  0.6.    Odor,  very  faintly  vegetable,  often  none,  occaalonally  mouldy. The 

samples  were  collected  in  the  Inlet  chamber  where  water  comeB  in  directly  from  the  river  and  before  It 
mingles  with  water  from  the  filter-gallery  or  fllter-lnlot. 


Microscopical  Examination, 

1888. 

May. 

June. 

Jnlr. 

1.  Blue-green  AlgsB. , 

0.0 

0.0 
2.5 
pr. 
0.1 

0.0 

2.  Other  Algas, 

3.  Fungi, 

pr. 
0.0 

7.9 
2.0 

4.  Animal  Forms, 

0.0 

0.1 

Groups  and  principal  genera  of  organisms  observed:' 2.  Palmcllaceffi.  Chiorococcut;  ZooBporcn, 
Tetranpora;  Desmidlacese ;  Dlatomaceas,  Sj/nedra,  Tabellaria.  3.  Schizomycotes,  Crenothrix.  4.  Pro- 
tozoa; Rotifera;  Bntomostraca. 
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Chemical  Examination  of  Water  from  the  Merrimack  River  at  Centrai  Bridge,  Lowell. 

[Parts  per  100,000.] 


Date  or         I 

APrKABAKCE. 

Rksiduk  oir 

EVAPORATIOM. 

AmcoxiA. 

1 

NiTROGKN 
AS 

B 

B 

1 

e 

if 

.a 

1 

1 

i 

ii 

1 

1 

i 

1 

i 

102 

IS 

JtiDe  14 

June  16 

Slight. 

Slight. 

0.80 

4.40 

1.82 

2.68 

.0016 

.0147 

.20 

.0130 

_ 

331 

July  14 

July  16 

Slight. 

Slight. 

0.40| 

4.25 

1.25 

3.00 

.0002 

.0170 

.16 

'.0030 

- 

576 

Aug.  18 

Aug.  19 

Dletlnct. 

Con.,  earthy 
and  floc't. 

0.60 

4.75 

1.35 

3.40 

.0007 

.0212 

.16 

.0070 

- 

781 

Sept.  15 

Sept.  16  i 

i 

Decided. 

Con.,  earthy 
and  floc't. 

0.20 

4.45 

1.06 

3.40 

.0022 

.0182 

.22 

.0070 

1 

- 

099 

Oct.  20 

Oct.  21 

Very  Blight. 

Sli't.  earthy 
and  floc't. 

0.30 

4.10 

0.66 

3.45 

.0031 

.0172 

.22 

.0100 

1210 

Nov.  17 

Nov.  18 

Decided. 

Con.,  earthy 
and  floc't. 

0.75 

5.85 

1.60 

4.36 

.0012 

.0209 

.26 

.0090 

1416 
IMO 

Dec.  15 

18 

Jan.  21 

Dec.  16 

8S. 

Jan.  23. 

Decided. 
Slight. 

Con.,  earthy 
and  floc't. 

Very  slight. 

0.45 
0.20 

6.60 
4.05 

1.30 
1.05 

4.30 
8.00 

.0006 
.0017 

.0180 
.0137 

.19 
.11 

.0110 
.0100 

.0001 

1845 

Feb.  16 

Feb.  17  j 

Slight. 

Verysllght. 

0.35 

4.35 

1.00 

3.36 

.0068 

.0183 

.20 

.0150,-0001 

2021 

Mar.  15 

Mar.  16  j 

Distinct. 

Slight. 

0.30 

4.00 

1.06 

2.95 

.0019 

.0151 

.18 

.0100  .0001 

22&4 

Apr.  19 

Apr.  20 

DUUact. 

Much, 
brown. 

0.26 

7.05 
2.50 

0.70 
0.90 

6.36 
1.60 

.0002 

.0139 

.13 

.0080 

.0003 

2419 

May  17 

May  18 

Decided. 

Much, 
earthy. 

0.26 

11.95 
2.90 

1.40 
0.90 

10.66 
2.00 

.0000 

.0154 
.0112 

.10 

.0020 

.0001 

2602 

June  14 

June  15 

Decided. 

M»ch,e'rthy 
and  floc't. 

0.30 

3.46 

1.15 

2.30 

.0016 

.0172 
.0142 

.13 

.0090 

.0003 

2813 

July  19 

July  23 

Slight. 

Sli't.  earthy 
and  floc't. 

0.10 

8.75 

0.90 

2.85 

.0042 

.0178 
.0148 

.19 

.0050 

.0001 

2966 

Aug.  17 

Aug.  18 

I 

Slight. 

Slight. 

0.25 

3.75 

0.90 

2.85, 

.0014 

.0178 
.0134 

.22 

.0090 

.0001 

2230 

Sept.  20 

Sept.  21 

SUght. 

Coopld'ble, 
earthy. 

0.25 

3.65 

1.25 

1 
2.40 

.0030 

.0202 
.0142 

.17 

.0060 

.0006 

8400 

Oct.  18 

Oct.  19 

1 

Slight. 

Slight. 

0.70 

8.45 

'1.00 

2.45 

.0004 

.0168 
.0134 1 

.14 

.0070  .0003 

8657 

Nov.  15 

Nov.  16 

j 

Slight. 

Con.,  earthy 
and  flbrous. 

0.60 

3.85 

1.15 

2.20 

.0004 

.0184 
.0128 

.10 

.0070  .0003 

1 

8784 
3870 

Dec.  21 

IS 

Jan.  17 

Dec.  22 

89.          ' 

Jan.  19 

1 

Decided. 

SU't,mUky. 

Consid'ble. 

Consid'ble, 
earthy. 

0.30 
0.15 

2.70 
3.15 

1.10 
1.10 

1.80 
2.05 

.0000 
.0000 

.0206 
.01341 

.0174 
.0110 

.08 
.16 

1.0070 
.0050 

.0002 
.0003 

4085 

Feb.  21 

Feb.  23 

Slight. 

Consid'ble. 

0.20 

3.35 

0.90 

2.45 

.0000 

.0138 
.0114 

.16 

.0150 

.0002 

4360 

Mar.  21 

MAr.  22 

Distinct, 
milky. 

Con.,  earthy 
and  floc't. 

0.20 

2.?5 

0.75 

2.20 

.0002 

.0160 
.0110 

.12 

.0030 

.0003 

4537 

Apr.  18 

Apr.  19 

Slight. 

Consid'ble, 
earthy. 

0.20 

2.70 

0.85 

1.85 

.0000 

.0154 
.0110 

.09 

.0060 

.0002 

4691 

May  18 

May  20 

Distinct. 

Consid'ble. 

0.25 

8.15 

0.95 
1.18 

2.20 
4.22 

.0026 

.0176 
.0158 

.15 
.16 

.0050 
.0078 

.0002 

Av. 

0.32 

5.40 

.001^ 

.0171 

.0002 

' 

HardneM  In  May,  1888,  0.5.    Odor,  very  faintly  vegetable  or  mouldy,  frequently  none. The 

samples  were  collected  from  Central  Brldiro  on  the  down  stream  side  at  the  southern  pier  five  feet 
beneath  the  surface,  with  the  exception  of  No.  1660,  which  was  collected  30  feet  north  of  the  south  pier, 
aod  No.  1846,  which  was  collected  90  feet  north  of  the  south  pier. 
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Microscopical  Examination. 


[Dec. 


1888. 

1880. 

June. 

July. 

Aug.  Sept. 

Oct. 

Nov.'  Dec. 

Jan. 

reb. 

Mar. 

Apr.  [nay. 

1.  Blue-green  Alg»,  .... 

0.0 

0.2 

pr. 

pr. 

0.0 

0-0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Alg», 

6.2 

4.6 

3.5 

4.3 

0.4 

0.2 

1.1 

0.5 

0.5 

2.3 

0.8 

0.6 

3.  Fungi, 

3.0 

5.0 

pr. 

pr. 

pr. 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

4.  Aninaal  Forms 

pr. 

0.1 

0.1 

pr. 

0.0 

0.0 

pr. 

0.0 

0.0 

0.1 

1.0 

pr. 

Groups  and  principal  genera  of  organisms  observed:  1.  Cyanophyces.  2.  Palmellace»,  Chloro- 
cocau;  Zoosporeie;  DesmldlacesB ;  Diatomacen,  Synedra,  8.  Schixomycetes,  Orenothrix,  4.  Protozoa, 
Dinobryon;  Spongiaria. 


Chemical  Examination  of  Water  from  the  Merrimack  River  below  LowelL 

[ParU  per  100,000  J 


Datb  ov 

Appeabaxck. 

Rksidue  on 

£VAl>OKATIQV. 

Ammomu.. 

1 

e 

NlTBOQKV 
AS 

1 

'A 

j 

jl 

H 

«i 

1 

1 

4 

1 

1 

.1 

9  ~ 

1 

2 

;  ^ 

^ 

2955 
2956 
2957 

18 

Aug.  16 

Aug.  16 
Aug.  16 

88. 

Aug.  17 

Aug.  17 

Aug.  17 

1 

Slight. 
Slight. 
Slight. 

Con., earthy 
and  floc't. 

Con. .earthy 
aud  floc't. 

Con., earthy 
and  floc't. 

0.25 
0.20 
0.20 

4.30 
5.30 
4.10 

0.95 
1.45 
0.85 

3.35 
3.85 
3.25 

.0002 
.0000 
.0010 

.0004 

.0190 
.0148 

.0174 
.0136 

.0178 
.0122 

.0181 
.0135 

.81 

.26 
.24 

.27 

.0070 
.0070 
.0080 

.0073 

.0003 
.0003 
.0003 

Av. 

I                1 

0.22 

4.57 

1.08 

3.49 

.0003 

1                i 

Odor,  very  faint  or  none. The  samples  were  collected  from  the  river,  one  foot  beneath  the  snr. 

face,  at  the  foot  of  the  last  rapids  at  Hunt's  Falls,  from  a  boat  which  was  being  rowed  across  the  river. 
No.  2955  was  collected  from  the  south  third  of  river;  No.  2956  from  the  middle  third,  and  No.  2957  from 
the  north  third. 

Microscopical  Examination. 


1888. 


2955. 


2956. 


1.  Blue-green  Algie, 

2.  Other  Algse, 

3.  Fungi,  . 

4.  Animal  Forms,   . 


0.0 
3.6 
0.0 
0.2 


pr. 
5.4 
0.0 
pr. 


0.1 
0.9 
pr. 
1.2 


Qroups  and  principal  genera  of  organisms  observed :  1.  Cyanophycete.  2.  Palmellaceae,  Chloiv 
cocat9 ;  Zoosporen;  Desmidioceas ;  piatomaceae,  Synedra.  3.  Schizomycetes.  4.  Protozoa,  Dim»' 
bryon;  Nematoda.  • 
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Chetnicai  Examination  of  Water  from  the  Merrimack  River  at  the  Intake  of  the 
Lawrence  Water  Works,  collected  One  Foot  beneath  the  Surface. 

CPartai>erlOO,MO] 


Date  of 

Appbabakck. 

Rksiduk  ow 

EVAPOUATIOir. 

AXMOKIA. 

T 

« 
JB 

NITKOGKX 
AS 

5 

1 
j 

1' 

6J 

j 

1 

i 

a 

•J 

§1 

1-^ 

1 

1 

< 

J 

S 

1           18 

108   June  15 

87. 

June  16 

• 

Slight, 
milky. 

Consid'ble, 
brown. 

0.40 

4.02 

1.75 

2.27 

.0009 

.0207 

.., 

.0130 

- 

845   July  15 

July  18 

DIatinct. 

Slight. 

0.40 

4.40 

1.00 

8.40 

..0027 

.0170 

.10 

.0070 

* 

583 

Aug.  19 

Aug.  20 

Decided. 

Coneid'ble. 
earthy. 

0.55 

6.25 

1.42 

4.88 

.0059 

.0275 

.21 

.0130 

- 

798 

Sept.  16 

Sept.  17 

Slight. 

Slight. 

0.30 

4.65 

1.00 

8.65 

.0017 

.0192 

.24 

.0070 

- 

1009 

Oct.  21 

Oct.  22 

Slight. 

SI't.  earthy 
andtloc't. 

0.60 

4.95 

1.05 

8.90 

.0084 

.0187 

.28 

.0080 

- 

1220 
IMS 

Nov.  18 

18 

Jan.  20 

Nov.  19 

88. 
Jan.  21 

Dietinet. 
Slight. 

Con..e*rthy 
and  flou'i. 

Slight, 
earthy. 

0.65 
0.30 

4.65 
;   4.30 

1.20 
1.15 

8.46 
3.15 

.0018 
.0022 

.0284 
.0140 

.24 
.17 

.0100 
.0180 

.0001 

1850 

Feb.  17 

Feb.  18 

DIsUnct. 

Slight. 

0.30 

4.15 

1.05 

8.10 

.0051 

.0201 

.25 

.0120 

.0001 

202d 

Mar.  16 

Mar.  17 

DUtinct 

Veryillght. 

0.20 

8.85 

1.00 

2.85 

.0080 

.0179 

.19 

.0100 

.0001 

2274 

Apr.  20 

Apr.  21 

Dietlnot. 

Con.,  earthy 
and  flbr'us. 

0.25 

6.ai 
2.60 

0.65 
0.80 

5.40 
1.80 

.0004 

.0130 

.11 

.0090 

.0008 

2495    May  22 

1 

May  24 

Decided. 

Much, 

earthy. 

- 

- 

- 

- 

.0000 

.0146 

- 

- 

- 

2619   Jane  15 

1 

June  16 

,  Dintlnct. 

Considera- 
ble. 

0.80 

s.eo 

0.80 

2.70 

.0028 

.0196 
.0116 

.20 

.0080 

.0002 

2814 

Jnly  20 

July  23 

Slight. 

Verysll^t. 

0.15 

8.65 

0.85 

2.80 

.0064 

.0198 
.0156 

.18 

.0060 

.0002 

2973    Aug.  17 

Aug.  18 

Slight. 

Slight, 
earthy. 

0.26 

S.80 

0.80 

t.98 

.0046 

.0190 
.0158 

.25 

.0100 

.0002 

2975 

Aug.  17 

Aug.  18 

Slight. 

Slight, 
earthy. 

0.25 

i 
S.85 

0.90 

2.85 

.0036 

.0190 ' 
.0146 

.24 

.0100 

.0002 

2974 

Aug.  17 

Aug.  18 

Slight. 

1 

Slight, 
earthy. 

0.25 

.3.90 

0.80 

8.10 

.0048 

.0226 
.0154 

.23 

.0120 

.0002 

3242 

Sept.  21 

Sept.  22 

j  Very  Alight. 

1 

Cousld*ble, 
earthy. 

0.15 

3.80 

K35 

2.46 

.0040 

.0^ 

.0180 

.17 

.0100 

.0003 

3406 

Oct.  19 

Oct.  20 

Distinct. 

Consld'ble. 
earthy. 

0.70 

1 
8.90 

1.88 

2.30 

.0000 

.0164 
.0146 

.14 

.0050 

.0003 

3407 

Oct.  19 

Oct.  20 

Slight. 

Slight, 
earthy. 

0.80 

1 

3.65 

1.46 

2.20 

.0002 

.0186 
.0164 

.15 

.0070 

.0002 

3565 

3876 

Nov.  16 

18 

Jan.  18 

Nov.  17 

89. 
Jan.  19 

Decided. 
DiflUnct. 

Considera. 
ble. 

Con.,  earthy 
and  floc't. 

0.45 
0.15 

3.t0 
2.95 

1.30 
0.88 

1.80 
2.05 

.0000 
.0006 

.0102 
.0158 

.0138 
.0098 

.14 
.13 

.0060 
.0060 

.0005 
.0003 

4089 

Feb.  22 

Feb.  23 

SHght. 

Slight. 

0.20 

3.35 

1.05 

2.30 

.0006 

.0126 
.0102 

.17 

.0180 

.0004 

4380    Mar.  22 

i 

Mar.  23 

i 

Slight. 

Con  ,  light 
gray. 

0.25 

3.10 

0.75 

2.35 

.0006 

.0124 
.0100 

.11 

.0040  .0006 

1 
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Chemical  Examination  of  Water  from  the  Merrimack  River  cU  the  Intake  of  the 
Lawrence  Water  Works,  collected  One  Foot  beneath  the  Surface^ Con. 


Datb  op 

Appbaraxcb. 

Rksidck  ok 

EVAI'UHATION. 

Ammokia. 

NiTBOGKS 
A8 

1 

1 

6 

il 

pa 

6 

1 

1 

1 

1 

li 

i 

1 

as  ' 

^    1 

Nitrates. 
Nitrites. 

4543 

4887 

Apr.  19 
May  17 

89. 

Apr.  20 

May  18 

1 

Slight. 
Diatinct. 

Con. .earthy 
and  floo't. 

Cod.,  earthy 
and  floe' I. 

0.25 

0.80 ' 

1 

2.70 
3.35 

0.75 
0.90 

1.B5 
2.46 

.0008 
.0030 

.0023 

.0152 
.0122 

.01641 
.0146 

.12 
.18 

.18 

1 

.0050  .0003 
.0060  .0004 

-f\v. 

0.33! 

4.73 

1.13 

3.60 

.0160 

.0091  '.OOOS 

1 

1 

Note. — la  making  the  above  average,  the  mean  analysis  has  been  nsed  where  more  than  one 
analysis  is  given  for  any  day.  * 

Ilardncss  in  May,  1888, 1.1.    Odor,  very  faintly  vegetable,  often  none,  oocaeionally  monldy. The 

samples  were  collected  from  the  river  over  the  end  of  the  lotaice  pipe  of  the  Lawrence  Water  Wortrs, 
one  foot  beneath  the  surface,  until  August,  1888.  After  that  time  they  were  generally  collected  from  the 
middle  of  the  river  opposite  the  intalce.  Ko.  2973  was  collected  about  one  foot  beneath  the  surface,  half 
way  between  the  north  bank  and  the  middle  of  the  river.  Ko.  2975  was  collected  from  the  middle  of  the 
river.  No.  2974  was  collected  midway  between  the  middle  of  the  river  and  the  south  bank.  No.  321*2 
was  collected  from  the  middle  of  the  south  half  of  the  river.  Nos.  3403  and  3407  were  from  the  north 
and  south  halves  of  the  river  respectively.  For  volumes  of  water  flowing  io  the  river  at  times  when 
samples  were  collected  for  analysis,  see  page  482. 


Microscopical  Examination. 


June.  Joly.  Anj;. 


1.  Blue-green  Algee, 

2.  Other  Algso, 

3.  Fungi,  » 

4.  Animal  Forms,    . 


1888. 


0.0     0.0 
4.5     4.8 


Aug. 

A„.. 

Sept. 

Oct. 

Oct. 

Nov. 

pr.  !  pr. 

0.0 

0.0 

0.0 

0.0 

3.2 

6.0 

0.8 

0.1 

0.2 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

pr. 

pr. 

0.0 

0.0 

0.0 

1880. 

Jan. 

Feb. 

Mar. 

Apr.' May. 

0.0 

0.0 

pr.  1  0.0 

0.0 

0.9 

0.3 

1.3 

1.7 

0.5 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.2 

pr. 

0.0 

Groups  and  principal  g'*nera  of  organisms  observed:  1.  Cyanophycesa.  2.  PalmellacesB,  Chloro- 
cnccuM;  Zoosporess;  DusmUliacesB;  Uiatomacese,  Syiiedrat  Tabeilaria.  3.  Schlzomycetea,  Orenothrix, 
Leptothrix.    4.  l*rotozoa;  Uoilfera. 
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Ckemieal  Examination  of  Water  from  the  Merrimack  Biver  at  the  Intake  of  the 
Lawrence  Water  Works,  collected  Six  Feet  or  more  beneath  the  Surface. 

[I-arta  per  100,000.] 


DATS  OF 

Appkarakcb. 

RSSIDUK  OH 
EVAPORATIOH. 

Ammomia. 

1    ' 

NiTROGKH 
AS 

1 

a 

"    1 

S  s< 

1- 

s 

1  ■ 

1 

1 

4 

1 

1 

< 

1 

§ 

107 

18 

Jane  15 

87- 

Jnoeie 

Slight, 
1       milky. 

Consid'ble, 
brown. 

0.40 

4.80 

1.77 

3.03 

.0004 

.0170 

.17 

.0060 

- 

U7 

July  15 

July  16 

Slight. 

Consid'ble, 
brown. 

0.40 

4.80 

1.00 

3.80 

.0025 

.0177 

.15 

.0070 

- 

683 

Ang.lO 

Aug.  20 

Decided. 

1 

Consid'ble, 
earthy. 

0.55 

6.55 

1.37 

5.18 

.0034 

.0258 

.21, 

.0130 

- 

790 

Sept.  16 

Sept.  17 

SUght. 

Slight. 

0.30 

4.75  1 0.90 

8.85 

.0012 

.0104 

.27, 

.0260 

- 

1010 

Oct.  21 

Oct.  22 

Very  slight. 

Sirt.  earthy 
and  floc't. 

0.50 

4.65.0.65 

4.00 

.0088 

.0210 

.27 

.0100 

- 

1221 
1U9 

Nov.  18 

IS 

Jan.  20 

Nov.  19 

84. 
Jan.  21 

Decided. 
Sllglit. 

Con  .e'rthy 
and  floc't. 

Very  slight. 

0.65 
0.25 

4.85 
4.05 

1.25 
1.05 

8.60 
8.00 

.0018 
.0018 

.0217 
.0142 

.23, 1.0100 

1 
.16    .0180 

.1 

.0001 

1860   Feb.  17 

Feb.  18 

Slight. 

Veryilight. 

0.30 

4.16 

1.10 

3.05 

.0042 

.0184 

.22  i.0150 

ll 

.0001 

2027    Mar.  16 

Mar.  17 

Distinct. 

Very  slight. 

0.25 

8.90 

1.05 

2.85 

.0029 

.0174 

.20  '.0150 

.0002 

2275   Apr.  20 

Apr.  21 

Distinct. 

Much.eart'y 
and  flbr'us. 

0.25 

7.15 
2.55 

0.80 
0.85 

6.35 
1.70 

.0003 

.0134 

.10 

.0100 

.0003 

2494 

Hay  22  '  May  24 

i 

Decided. 

Miichjcart'y 
and  nbr'uB. 

- 

- 

- 

- 

.0004 

.0150 

- 

- 

- 

2620 

June  15  Jane  16 

1 

Distinct. 

Consid'ble. 

0.50 

1 

3.50 

1.10 

t.40 

.0036 

.0180 
.0154 

.20 

.0080 

.0002 

2815 

July  20  July  23 

Slight. 

Sirt.enrthy  0.15 
and  floc'l.l 

3.65 

0.70 

2.95 

.0078  .0204 
1.0150 
1          1 
1 

.0026    nifti! 

.21 
.20 

.0050 

.0002 

At. 

1 

0.38 

4.96 

1.09 

8.87 

.0119 

.0002 

1 

' 

1 

i 

Hardness  in  May,  1888, 1.1.^  Odor,  very  faintly  vegetable,  occasionally  mouldy. The  samples 

were  collected  from  the  rtrer  six  feet  beneath  the  surface,  with  the  exception  of  Nos.  2494  and  2620, 
which  were  collected  eight  feet  beneath  the  surface,  and  No.  2275,  which  was  collected  ten  feet 
beneath  the  surface.  For  volumes  of  water  flowing  In  the  river  at  times  when  samples  were  collected 
for  analysis  see  page  462. 

Microscopical  Examination. 


1888. 

March. 

April. 

May. 

June. 

July. 

1.  Blue-groen  Algn» 

2.  Other  Algae, 

0.0 
pr. 

0.0 
pr. 
0.0 
0.0 

0.0 
pr. 
0.0 
0.0 

0.0 
1.2 
1.0 
0.0 

0.0 
9.3 

3.  Fungi, 

0.0 

1.0 

4.  Animal  Forms, . 

0.0 

0.1 

Groups  and  principal  genera  of  organisms  observed :    2.  PalmellacesB,  Chlorococcit^  ;  Zoosporese ; 
Desmldiaceis;  Diatomaoefe,  i9yne<2ra.    8.  Schizomycotes,  OrenolhriXf  Leptothrix*    4.  Protozoa. 
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WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


Chemical  Examinaiion  of  Water  from  the  Merrimaek  River  below  Lawrence  and 
just  above  the  Mouth  of  the  Shawsheen  River, 

[Paxts  per  100,000-3 


DATS  OF 

Appsabancb. 

Kksiddk  oh 

EVAPOKATION. 

i 

1    MiTBOGEX 

1               AS 

s 

1 

A 

sr 

f 

■a 

i 
1 

1 

i 

il 

1-^ 

1 

1 

is 

1" 

i 

S 

111 

M 

June  15 

S7. 

June  16 

Sli*t,  milky 

Consld'ble. 

0.50 

6.86 

2.17 

3.08 

.0003 

.0182 

_ 

.0000 

_ 

343 

July  15 

July  16 

Distinct. 

Consid*ble. 

0.60 

6.05 

1.57 

8.48 

.0004 

.0194 

.17 

.0070 

- 

681 

Ang.lO 

Aug.  20 

1  Decided. 

Con.,e'rthy. 

0.56 

6.37 

1.15 

6.22 

.0083 

.0288 

.20 

.0130 

- 

707 

Sept.  16 

Sept.  17 

Decided. 

Slight. 

0.25 

4.90 

1.16 

8.76 

.0002 

.0214 

.25 

.0070 

- 

1008 

Oct.  21 

Oct.  22 

Slight. 

Consid»ble. 

0.60 

6.90 

1.16 

4.75 

.0000 

.0242 

.29 

.0060 

- 

1234 

Nov.  18 

Nov.  19 

Slight. 

Slight. 

0.45 

5.10 

1.35 

8.76 

.0022 

j 

.0250 

.24 

.0100 

- 

1427 
1052 

Dec.  16 

18 

Jan.  20 

Dec.  17 

88. 
Jan.  21 

Decided. 

1 

1  Distinct. 

Con.,  earthy 
and  floc't. 

Slight. 

0.45 
0.30 

5.65 
4.30 

1.50 
1.10 

4.15 
3.20 

.0014 

1 

".0024 

1 

.0183 
.0166 

.20 
.17 

.0130 
.0120 

.0004 

1863 

Feb.  17 

Feb.  18 

Distinct. 

VerysUght. 

0.80 

4.70 

1.30 

3.40 

.0055 

.0211 

.26 

.0120 

.0001 

2030 

Mar.  16 

Mar.  17 

Decided. 

Slight. 

0.30 

4.35 

1.80 

3.05 

.0034 

.0194 

.23 

.0100 

.0002 

2273 

Apr.  20 

Apr.  21 

Decided. 

Consid'ble. 

0.30 

7.60 
2.70 

0.75 
0.75 

6.85 
1.95 

.0000 

.0190 

.12 

.0120 

.0004 

2466 

May  18 

May  19 

DisUnct. 

Consid'ble. 

0.36 

11.25 
2.95 

1.30 
1.10 

9.95 
1.85 

.0000 

.0188 
.0158 

.11 

.0080 

.0000 

2621 

June  15 

June  16 

Slight. 

Slight. 

0.50 

8.60 

0.80 

2.80 

.0000 

.0176 
.0158 

.22 

.0080 

.0003 

2818 

July  20 

July  23 

Distinct. 

Consld'ble. 

0.15 

8.75 

0.90 

2.85 

.0028 

.0224 
.0180 

.23 

.0050 

.0002 

2969 

Aug.  17 

Aug.  18 

Slight. 

Consld'ble. 

0.30 

4.20 

0.90 

3.80 

.0000 

.0260 
.0168 

.28 

.0030 

.0002 

2970 

Aug.  17 

Aug.  18 

Slight. 

Slight. 

0.30 

3.95 

0.95 

3.00 

.0000 

.0212 
.0152 

.25 

.0100 

.0002 

2971 

Aug.  17 

Aug.  18 

Slight. 

Slight. 

0.25 

4.20 

1.00 

3.20 

.0014 

.0200 
.0158 

.23 

.0080 

.0002 

3845 

Sept.  21 

Sept.  22 

Veryslight. 

Con  ..earthy 
anil  floc't. 

0.16 

4.05 

1.40 

2.65 

.0004 

.0226 
.0168 

.18 

.0120 

• 

.0004 

3405 

Oct.  19 

Oct.  20 

Distinct. 

Consld'ble. 

0.70 

8.95 

1.55 

2.40 

.0000 

.0166 
.0160 

.16 

.0080 

.0008 

8968 

Nov.  16 

Nov.  17 

Dlstlflct. 

Consld'ble. 

0.50 

3.25 

1.10 

2.15 

.0000 

.0184 
.0162, 

.16 

.0070 

.0005 

3722 
3880 

Dec.  14 

18 

Jan.  18 

Dec.  15 

89.           1 
Jan.  19 

Distinct. 
Decided. 

Slight. 
Consid'ble. 

0.15 
0.15 

8.50 
3.05 

1.85 
1.05 

2.15 

i 

2.00; 

.0018 
.0002 

.0146 
.0120 

.0144 
.0116 

.18 
.15 

.0080 
.0070 

.0008 
.0002 

4093 

Feb.  22 

Feb.  23 

Slight. 

Consld'ble. 

0.20 

3.45 

0.80 

2.65 

.0004 

.0154 
.0124 

.20 

.0180 

.0004 

4383 

Mar.  22 

Mar.  23 

Slight. 

Consid'ble. 

0.25 

3.25 

0.60 

2.45 1 

.0018 

.0160  1 
.0124 

.15 

.0060 

.0004 

L 
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Chemical  Exandnaiion  of  Water  from  the  Merrimaek  River  below  Lawrence  and 
just  above  the  Mouth  of  the  Shawaheen  River — Concluded. 


DA.TB  OP 

Appeabakck. 

RaaiDUB  ON 
Eyapobatiow. 

Ajcxobia.. 

§ 

NiTSOOKN 

1 

1 

ii 

f 

1 

1 

1 

i 

it 

1 

1 

4546 
4689 

18 

Apr.  19 

May  17 

80. 

Apr.  20 

May  18 

Slight. 
Slight. 

Con  ..earthy 
and  floc't. 

Conaid'ble. 

0.25 
0.30 

2.80 
3.70 
5.92 

1.00 
1.20 

1.80 
2.50 

.0000 
.0004 

.0172 
.0124 

.0240 
.0158 

.16 

.20 

.0050 
.0060 

.00» 

.0004 
.0005 

Av. 

0.35 

1.82 

4.60 

.0011 

.0196 

.19 

.0003 

Note.  —  In  making  the  above  averagCi  the  mean  analyaia  haa  been  used  where  more  than  one 
anaiyais  ia  given  for  any  day. 

Uardneaa  in  May,  1888,  0.9.    Odor,  very  faintly  vegetable  or  mouldy,  frequently  none. The 

sampiea  were  collected  from  the  river,  generally  at  a  point  about  one- third  of  the  diatanee  from  the  north 
to  the  eouth  bank.  No.  2969  waa  collected  from  the  northerly  third  of  the  river,  No.  2970  from  the 
middlti  t&rd,  and  No.  2971  from  the  aoutherly  third.  TheiBe  aamplee  were  collected  from  a  boat,  the 
bottlca  being  filled  gradually  aa  the  boat  waa  rowed  acroaa  the  river. 

Microscopical  Examination, 


1888. 

^                1880. 

June. 

July. 

Aug. 

Aug. 

Aog. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-green  Algao, 

0.0 

pr. 

pr. 

pr. 

pr. 

0.0 

pr. 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

pr. 

2.  Other  Algfl», 

4.3 

3.3 

3.5 

3.5 

6.1 

1.0 

pr. 

0.1 

1.2 

0.5 

3.6 

1.8 

0.6 

0.7 

3.  Fungi,  .       •       .       . 

6.0 

0.1 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forma,  . 

pr. 

0.1 

0.1 

0.6 

0.3 

0.2 

0.0 

0.0 

0.1 

0.0 

0.1 

pr. 

0.0 

0.0 

Groups  and  principal  genera  of  organlama  obaerved :  1.  Cyanophyceaa.  2.  Palmellaceeo,  Chloro- 
coccut;  Zooaporeie;  Dosmldlaceie ;  Diatomaceae,  Meloaim,  Synedra,  Tabellaria,  3.  Schizomyoetea, 
Lepioihrix,    4.  Protoroa;  Nematoda;  Botifera;  Entomoatraca. 


Chemical  Examination  of  Water  from  the  MerHma^k  River  above  Haverhill, 

[Parts  per  100,0CO.] 


DATS  or 

KsaiDUB  ON 
EVAPOKATION. 

AlllfONIA. 

i 

NiTROGBK 
AS 

1 

S«5 

§ 

i^ 

f 

^ 

1 

1 

4 

«  be 

1 

1 

1^ 

1 

i 

i 

128 

338 
586 

18 

June  15 

July  15 
Aug.  19 

June  17 

July  15 
Aug.  20 

Decided. 

Slight. 
Diatinct. 

Heavy, 
brown. 

Conaid'ble. 

Much, 
earthy. 

0.45 

0.40 
0.50 

5.02 

4.42 
6.70 

1.70 

1.22 
1.05 

3.32 

3.20 
5.65 

.0018 

.0008 
.0037 

.0181 

.0169 
.0281 

.15 

.13 
.20 

.0060 

.0070 
.0100 

" 
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Chemical  Examination  of  Water  from  the  Merrimack  River  above  Haverhill — Con. 


Date  of 

APPEARANCE. 

RR8IDDE  OK 

Evaporation. 

Akmonia. 

1 

NiTBOGBSr 
AS 

1 

1 

c 

f 

1 

1 

^ 

4 

1 

1 

SI'S 

< 

i 

I 

830 

IS'ST. 
Sept.20   Sept.22 

Veryalight. 

Blight. 

0.35 

4.65 

0.95 

3.70 

.0073 

.0213 

.22    .0030 

II 

~ 

1013 

Oct.  21 

Oct.  22 

Decided. 

Con. .earthy 
and  floc't. 

0.40 

5.35 

1.45 

8.90 

.0028 

.0235 

.30 

.0170.    - 

j 

1229 

Kov.  18 

Nov.  19 

Slight. 

Con.,  earthy 
and  floc't. 

0.50 

5.30 

1.55 

8.75 

.0024 

.0240 

.26 

.0070 

_ 

U25 
1643 

Deo.  16 

18 

JaD.  20 

Dec.  16 

88. 
Jan.  21 

Decided. 
Slight. 

Consid'ble, 
earthy. 

Con., earthy 
and  floc't. 

0.45 
0.30 

5.75 
5.15 

1.55 
1.85 

4.20 
3.80 

.0044 
.0038 

.0228 
.0244 

.22 
.22 

.0120 
.0100 

.0001 

1858 

Feb.  17 

Feb.  18 

Distinct. 

CoDsid'blo. 

0.25 

4.55 

1.10 

3.45 

.0047 

.0205 

.25 

.0120 

.0001 

2031 

Mar.  16 

Mar.  17 

Distinct. 

Oonsid'ble. 

0.25 

4.85 

1.16 

3.70 

.0034 

.0219 

.25 

.0100  .0003 

226S 

Apr.  20 

Apr.  20 

Distinct. 

SUght. 

0.15 

4.85 
2.75 

0.75 
0.75 

4.10 
2.00 

.0003 

.0157 

.15 '  .0120  .0002 

i: 

2458 

May  18 

May  18 

Decided. 

Heavy, 
earthy. 

0.35 

9.35 
3.10 

1.55 
1.10 

7.80 
2.00 

.0000 

.0146 

.12    .0050  .0000 

2007 

Jane  15 

June  15 

Distinct. 

Slight, 
earthy. 

0.40 

8.65 

1.15 

2.50 

.0012 

.0156 

.17  .0100 '.oooa 

.'     1 

2808 

Jnly  20 

July  21 

Distinct. 

Consid'ble, 
brown. 

0.20 

4.17 

0.75 

8.43 

.0010 

.0236 
.0170 

.25  j  .0020  .0002 

2078 

Aug.  17 

Aug.  18 

Very  Blight. 

Slight, 
earthy. 

0.20 

4.50 

0.05 

3.55 

.0022 

.0226 
.0146 

.26, 

.0090  .0002 

1 

2979 

Aug.  17 

Aug.  18 

Slight. 

Oonsid'ble, 
earthy. 

0.25 

4.25 

1.20 

3.05 

.0022 

.0206 
.0142 

.25 

.0230  .0002 

8246 

Sept.  21 

Sept.  22 

Slight. 

ConHid'ble, 
earthy. 

0.15 

4.00 

1.45 

2.55 

.0020 

.0222 
.0172 

.19    .0180  .0004 

8416 

Oct.  22 

Oct.  23 

Distinct. 

Sli'l,  earthy 
and  floc't. 

0.80 

3.90 

1.35 

2.55 

.0012 

.0178 

.0156 ; 

.16,  .0060  .0003 

8509 

Nov.  16 

Nov.  17 

Decided. 

Heavy. 

0.50 

3.65 

1.35 

2.30 

.0000 

.0194  j 
.01721 

.19 '  .0060  .0007 

11 

8792 
3950 

Dec.  21 

18 

Jan.  31 

Dec.  24 

80. 

Jan.  81 

Decided. 
Distinct. 

Muchve»rthy 
and  floc't. 

Oonsid'ble, 
blaclc. 

0.40 
0.20 

3.00 
3.40 

1.20 

1.00 
2.50 

.0002 
.0072 

.0190 
.0152 

.0178 
.0142 

.11    .0080  .0004 

1 
.21 '  .0090  .0003 

li 

4098 

Feb.  22 

Feb.  23 

Distinct. 

Consid'ble. 

0.20 

4.15  1.05 

8.10 

.0040 

.0168 
.0126 

.23    .0200  .0004 

1           1 

4377 

Mar.  22 

Mar.  22 

Distinct, 
mlllsy. 

Oonsid'ble, 
earthy. 

0.20 

2.90  0.55 

2.35 

.0018 

.0162 
.0122 

.14 

1.0060 1.0003 

4541 

Apr.  19 

Apr.  20 

Distinct. 

Consid'ble. 

0.25 

3.15 

1.05 

2.10 

.0022 

.0200 
.0164 

.14 

.0070 

.0001 

4686 

May  17 

May  18 

Distinct. 

Consid'ble. 

0.30 

3.55 

1.20 
1.32 

2.35 

.0024 
.0025 

.0218 
.0166 

.17 
.19 

.0070 

.0004 

Av. 

1 

0.34 

5.49 

1 

4.17 

.0201 

.0094  .0003 

'         1 

Hardness  in  May,  1888,  0.6.    Odor,  very  faintly  vegetable  or  mouldy,  frequently  none. The 

sarapleti  were  collected  from  the  river  about  one  mile  above  the  Boston  &  Maine  Railroad  bridge  at 
Haverhill. 
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JKicroscopical  Examination. 


18S8. 

18Sf». 

June.  July.  Au^r* 

Aug. 

Sept. 

Oct.  1  Nov. 

Dec 

Jan. 

Feb. 

Mar. 

Apr.  j  May. 

1.  Bloe-green  AJgro, 

0.0  !  0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Alg», 

1.7  j  8.6 

6.8 

4.8 

1.2 

0.5 

0.4 

0.7 

0.9 

0.0 

0.9 

1.0 

4.6 

3.  FoDgl, 

0.0    pr. 

0.1 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forma,     . 

pr. 

2.5 

0.3 

0.3 

0.0 

pr. 

0.0 

pr. 

pr. 

0.1 

0.0 

pr. 

0.0 

Groups  and  principal  genera  of  organiflms  observed :  1.  Cyanophyceeo.  2.  Palmellaeen,  Chloro- 
coccus;  Zoosporcsa*  Scenedesmuit  Tetratpora;  Desmidlaoeo) ;  DiatomaoesB,  Melosira,  Synedra, 
Ta^tlaria.    8.  Schizomycetea.    4.  Protozoa,  ZXnoftryon;  RoUfera;  Entomostraca. 


Chemical  Examination  of  Waler  from  the  Merrimack  Biver  below  EaverhilL 

[I*art8  per  100,000.] 


Date  of 

Appeaiukcb. 

1       Rksidi'k  ok 
Evaporation. 

AXMOXIA. 

i 
1 

Nitrogen 

AS 

B 

s 

1 

a 

1* 

^ 

j 

1 

1 

4.25 

4.20 

H 

t 
S 

1 

A 

< 

1 

« 

2980 
2981 

Aug.  17 
Aug.  17 

88. 
Aug.  18 . 

Aug.  18 

i 

Slight. 

Distinct. 

* 

Consid'ble, 
earthy. 

SIlKht, 
cartliy. 

i 
0.2 

0.2 

1.30 
1.15 

2.95 
3.05 

.0030 
.0040 

.0212 
.0170 

.0212 

.0192 

.23 

.21 

.2.3' 

.0450 
.040.) 

.0425 

.0001 
.0002 

Av. 

0.2 

4.22 

1.22 

3.00 

.0035  -ni9i9 

.0001 

1 

1                 1 

.0181, 

Odor,  faintly  mouldy. The  samples  were  collected  from  the  river  about  one  mile  below  the 

Haverhill  foot  bridge.  Sample  No.  2980  was  taken  from  all  parts  of  the  north  half  of  the  river,  about 
one  foot  heneath  tho  surface.  Sample  No.  2981  was  taken  from  the  south  half  of  the  river  in  the  same 
water. 


Microscopical  Examinaiion. 

No.  2980.  1.  Blue-green  algae,  0.0;  2.  Other  alga),  8.3;  3.  Fungi,  pr.;  4.  Animal  forms,  0.1.  No. 
2981.    1.  Blue-grecD  algae,  pr. ;  2.  Other  algro,  6.S;  3.  Fungi,  0.0;  4.  Animal  forms,  0.3. 

Groups  and  principal  genera  of  organisms  observed :  1.  Cyanophyceos.  2.  Palmcllacea),  Chloro- 
coccus;  Zoosporcse,  Scenedesmua ;  Deiimidiaccee ;  Diatomacese,  St/nedra,  Tabellaria.  3.  Schizomy- 
cetea.   4.  Protozoa;  AnuellOa. 
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Table  showing  the  Flow  of  the  Merrimack  River  at  Lawrence. 


MONTH. 


YOLDMC  FLOWnrO   in  THK  RiTKB  IK  CUBIC  FkBT 
PKR  SkCOND. 

Day  on  which 

Samples 

were  collected 

at 

Lawrence. 

Kate^o™flow 

daring  11 

Hoars  of  the  Day 

on  which 

Samples  were  - 
collected. 

Arerago 
Rate  of  Flow 

during  34 
Hoars  of  the  Day 

on  which 
Samples  were 

collected. 

Average  Rate 

of  Flow 

daring  24  Hours 

for 

the  Month. 

15 

5,600 

4,700 

9,248 

15 

6,830 

4,940 

7,492 

19 

12,240 

9,830 

9.556 

16 

6,590 

5,700 

4.774 

21 

4,050 

2,650 

3,474 

18 

9,650 

8,740 

4,819 

15 

11,490 

10,720 

7,070 

20 

13,050 

12,110 

9.820 

17 

10,000 

9,180 

12,781 

1« 

7,740 

6,090 

14.076 

20 

25,890 

25,100 

27.795 

22 

16,050 

15,420 

23,650 

16 

6,170 

6,270 

6,472 

20 

8,500 

2,450 

2.442 

17 

5,000 

4,000 

2,64-2 

21 

10,920 

9,970 

7,840 

19 

14.67« 

13,810 

13,686 

16 

15,520 

14,610 

15,034 

- 

9,520 

8,660 

16.660 

18 

18,050 

17,280 

13,603 

22 

8»470 

7,630 

7,198 

22 

14,500 

13,650 

12,252 

19 

11,740 

10,870 

12,388 

17 

6,580 

6,750 

7,611 

1887. 

June,     ... 

July,     . 
Auguati 
September,  . 
October, 
Koveniber,    . 
December,    . 

1888. 

January, 

February,     . 
March,  . 
April,    . 
May,      . 
Jane,     . 
July,     . 
Anguat, 
September,   . 
October, 
November,    . 
December,    . 

1880. 

January, 

February,     . 
March,  . 
April,    . 
May,      . 


NoTB.  — This  table  has  been  prepared  from  information  furnished  by  Hiram  F.  Mills,  engineer  of 
the  Essex  Company,  Lawrence,  and  member  of  the  State  Board  of  Health. 


Miller's  River. 
The  Miller's  River,  one  of  the  chief  tributaries  of  the  Connectieui 
rises  in  the  vicinity  of  Ashburnham,  Mass.,  and  flows  in  a  generallr 
westerly  direction  to  the  Connecticut  River  near  Miller's  Falls,  abclct 
seven  miles  above  the  mouth  of  the  Deerfield  River  and  ten  mil 
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south  of  the  New  Hampshire  state  line.  The  basin  lies%)  the  north  of 
the  Chicopee  basin  and  occupies  the  northern  portion  of  Worcester 
County  and  the  eastern  portion  of  Franklin  County. 

The  drainage  area  of  the  river  is,  as  a  rule,  hilly.  Near  its  mouth 
the  hills  are  very  high  and  rise  abruptly  with  steep  slopes  from  the 
water..  In  other  portions  of  the  area  the  hills  are  more  scattered, 
and  in  some  places  there  are  considerable  areas  of  comparatively  flat 
land.  There  are  many  lakes  and  ponds,  the  larger  of  which  (16  in 
all)  have  an  aggregate  area  of  about  3,200  acres.  Some  of  these 
bodies  of  water  are  used  as  storage  reservoirs  to  supply  the  mills  with 
water  during  dry  seasons.  The  fall  of  the  river  is  large,  amounting 
to  about  775  feet  from  Winchendon,  which  is  near  its  head,  to  its 
mouth. 

A  careful  examination  of  the  Miller's  River  basin  was  made 
by  the  State  Board  of  Health,  Lunacy  and  Charity  in  1880,  the 
results  of  which  are  given  in  the  supplementary  report  of  the  . 
board  for  that  year,  pp.  12-21.  The  following  table  containing  a 
summary  of  the  polluting  manufactures  in  the  valley  at  that  time 
is  taken  from  page  20  of  that  report :  — 


MANUFACTURES. 


Operatives 
Employed. 


Cotton  mills,     .        .        .       . 
Woolen  mills,  .... 

Shoddy  mills 

Wool  scouring  mills, 
Fsper  mills,  .  .  .  . 
Tanneries,  .  .  •  . 
liAchtne  shops  and  foundries, 
Sewing  machine  factories. 
Gas  works,  .... 
Shoe  factories, 

I>yehoQBe«,     .       .        .        . 
Blanket  shops, 

Totnte,        .... 


5 
2 

8 
2 
2 
1 

14 
1 
1 
2 
1 
1 


316 

165 

310 

8 

25 

14 

618 

400 

2 

240 

1 

15 


2,113 


This  table  does  not  include  chair  factories  and  other  wood-working 
establishments,  as  they  are  not  classed  as  polluting.  These  are, 
however,  the  chief  manufacturing  industries  of  the  valley,  and  em- 
ploy more  operatives  than  all  the  others. 
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The  popull^ion  and  drainage  area  above  certain-  points  on  the 
main  river  and  a  tributary  are  given  in  the  following  table : 


LOCALITY. 

Distance 

Arom  Moath 

of  Klver. 

Miles. 

Drainage 
Area. 

Population 

C188&). 

PopalaUon 
per 

Sq.  Miles. 

SQuarc  ^ile. 

Otter  River  below  Gardner,  at  mouth  of  Pond  Brook, 
Dam  of  New  Home  Sewing  Machine  Co.,  Orange,     . 
Mouth  of  river 

37.0 
13.5      ' 
0 

26.6 
324.3 
893.2 

7,334 
27,174 

276 
69 

The  population  per  square  mile  is  small,  but  is  increasing  quite 
rapidly,  owing  to  the  rapid  growth  of  the  larger  towns.  Most  of 
the  smaller  towns  are  decreasing  in  population.  Gardner  (popula- 
tion in  1885,  7,283)  is  the  largest  town  on  the  watershed,  and 
nearly  all  of  it  drains  naturally  into  Otter  River,  at  or  above  the 
mouth  of  Pond  Brook.  The  population  is  more  dense  above  this 
point  than  above  any  other  on  the  main  river  or  its  larger  tribu- 
taries. The  population  of  the  valley  is  nearly  all  concentrated  in 
the  manufacturing  towns  and  in  the  villages  along  the  streams. 

Three  of  the  towns,  Gardner,  Athol  and  Orange,  have  public 
water  supplies.  Winchendon  and  Miller's  Falls  each  have  a  limited 
supply  from  springs  in  the  neighboring  hills.  The  supply  for 
Orange  is  usually  obtained  from  a  spring,  but,  as  it  does  not  furnish 
enough  water  in  dry  seasons,  the  supply  is  then  taken  directly  from 
the  river.  At  the  present  time  no  town  in  the  valley  has  a  system 
of  sewerage,  but  sewers  are  soon  to  be  built  at  Orange  and 
Gardner. 

Examinations  of  water  collected  from  the  river  at  its  mouth  have 
been  made  monthly  from  June,  1887,  to  May,  1889,  inclusive.  One 
sample  collected  from  the  river  above  Winchendon  has  also  been 
examined.  Measurements  of  the  flow  of  the  river  at  Orange  were 
made  during  the  months  of  October,  November  and  December,  1887. 
Tables  giving  the  results  of  these  investigations  are  appended. 
Analyses  of  other  surface  waters  in  the  basin  may  be  found  in  the 
preceding  portion  of  this  report,  as  follows  :  — 

Ashburnham,  Upper  Naukeag  Pond,        ....  page    19 

Athol,  Buckman  Brook  Reservoir, page    20 

Athol,  Phillipston  Reservoirs, page    21 

Gardner,  Crystal  Lake, page  134 
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The  water  of  the  river  is  dark  colored  in  all  parts  of  its  course, 
owing  probably  to  contact  with  swamps.  The  analyses  do  not, 
however,  indicate  that  the  river  is  at  present  polluted  to  any  con- 
siderable extent ;  a  result  which  is  due  to  the  large  volume  of  water 
flowing  in  the  river  in  comparison  with  the  population  on  the  water- 
shed, the  absence  of  sewerage  systems  discharging  directly  into  the 
streams,  and  the  comparatively  small  quantity  of  polluting  manu- 
Picturing  wastes  turned  into  them. 


Chemical  Examination  of  Water  from  Miller^a  River  above  Winchendon, 

[P«rta  per  100,000.] 


Datb  o» 

Appbabulvcb. 

Rbsidcb  Off 

EVAPOKATIOV. 

Ammoxia. 

1 

KiTBOOBX 

5 

1 

i 

f 

1 

1 

1 

J- 

1 

1 

1' 

P^ 

§ 

1    » 

asm  June  8 

1 

June  9 

Vei7*Ugbt.  Could'bla. 

1.3 

8.20 

1.90 

1.80 

.coot 

.0288 
.0230 

.06 

.OOflO 

.0000 

Odor,  faJntly  Ttj^etabie. The  aampl«  waa  ooUccted  from  the  river  at  the  Pequot  Mill  dam,  about 

two  milee  above  Wincheodon. 

Microscopical  Examination, 

1.  Blne-greeo  algn,  0.0;  2.  Other  aign,  6.1 ;  3.  Fang),  0.0;  4.  Animal  forma,  0.2. 
Groupa  and  principal  genera  of  organiama  observed :    2.  PalmellacesB,  Chlorococcut ;  Zoosporeie; 
DeamidiaceflD ;  Dlatomaecn,  Tabelkiria,  Atterianella,    4.  Frotosoa;  Entomoatraca. 


Chemical  Examinalion  of  Water  from  Miller^s  River  at  Miller^s  Falla^  Montague, 

[Parts  per  100^000.] 


Aptbabaxcs. 


RBSIDCK  Off 
EVAPORATIOff. 


l^ 


AllXOfflA. 


NiTROOKV 


72 
287 
510 
704 
895 
1160 


! 

!  Jane 

IS 

jjnly 

Aug. 

Sept. 

Oct. 

Nov. 

11 

Deo. 

»7- 

June  11 

Jnly  9 
Aag.  10 
Sept.  8 
Oct.  7 
Nov.  12 

Dec.    7 


Verysllght. 

Slight. 

Decided. 

Slight. 

SUght. 

Distinct. 


Slight. 

Slight. 

Slight. 

Slight. 

Consld^ble, 
earthy. 

Consld*ble, 
earthy. 


1.00 
0.90 
1.60 
0.90 
1.00 
0.70 

0.90 


4.27 

4.35 
6.20 
4.25 
4.20 
6.25 

4.60 


1.75 
2.00 
2.25 
1.42 
1.45 
1.75 

1.70 


2.62 
2.35 
2.96 
2.83 
2.75 
3.60 

2.90 


0088 
0020 
0008 
0019 
0008 
0005 

0000 


0294 
0277 
,0270, 

.0214 
0231 
0228 

.0212 


.14 

.11 

.11 

.15 

.15 

•23 1 

I 

.18, 


0070 
.0000 
.0070 
.0070 
.0130 

0060 

0120 
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Chemical  Examination  of  Water  from  MUler^a  River  at  MiUer^s  Folia,  Montague 

—  Concluded. 


Datb  o» 

Appkabancb. 

EVAPOKATIOir. 

AmCOKIA. 

NrmooKX 

AS 

1 

i 
1 

6 

§1 

f 

.; 

1 

1 

1 

i 

s 

C 
r 
'A 

1505 

18 

Jan.    9 

88. 

Jan.  10 

Veryallght. 

Consid'ble, 
brown. 

1.10 

4.75 

1.76 

8.00 

.0000 

.0165 

1 

!    .09 

.ansa 

- 

1852 

Feb.  15 

Feb.  17 

DUtlnct. 

Consid'ble, 
brown. 

0.70 

4.85 

1.80 

3.05 

.00« 

.0265 

.16 

1 

.0090 

.0000 

202o 

Mar.  12 

Mar.  17 

Decided. 

Consid'ble, 
brown. 

0.50 

8.75 

1.20 

2.55 

.0000 

.0233 

;  .14 

.0000 

.0003 

2200 

Apr.  11 

Apr.  12 

Distinct. 

Consid'ble, 
brown. 

0.50 

8.40 

1.16 

2.25 

.0000 

.0165 

1  .10 

.0080 

.0001 

2394 

May    9 

May  10 

Slight. 

Consid'ble, 
brown. 

0.75 

8.45 

1.40 

2.05 

.0004 

.0176 

.09  ' 

1 

.0070 

.0001 

2625 

June  18 

June  19 

Very  slight. 

Slight. 

0.90 

8.46 

1.45 

2.00 

.0000 

.0192 
.0166 

.08 

.0020 

.0000 

2755 

July  10 

July  11    Very  slight. 

1 

Slight. 

0.70 

1 

8.40 

1.40 

2.00 

.0012 

.0182 

.12 

.0020 

.0002 

2948 

Aug.  14 

Aug.  16 

Very  slight. 

Consid'ble, 
brown. 

0.60 

8.60 

1.85 

2.25 

.0008 

.0170 
.0156 

.12 

.0060 

.0001 

8236 

Sept.  20 

Sept.  21 

Blight. 

Consid'ble, 
brown. 

1.20 

1 

4.60 

2.35 

2.25 

.0002 

.0288 
.0234 

.13 

.0080 

.0007 

8374 

Oct.  18 

Oct.  17  ' 

1 

Very  slight. 

Slight. 

1.10 

4.05 

1.70 

2.35 

.0010 

.02SS 
.0220 

.14 

.0070 

.0002 

3573 

Nov.  19 

Nov.  20 

Distinct. 

Consid'ble. 
earthy. 

1.80 

S.65 

1.85 

1.80 

.0000 

.0194 1 
.0176 

.14 

.0080 

.0001 

8791 
8937 

Deo.  22 

18 

Jan.  26 

Deo.  24 

89. 

Jan.  28  i 

Slight. 
Very  slight. 

Con.,  earthy 
and  floo't. 

Sll't,  earthy 
and  floc't. 

0.60 
0.40 

3.00 
2.80 

1.25 
0.95 

1.75 
1.85 

.0018 
.0008 

.0212 
.0178 

.0148 
.0128 

.10 
.08 

.0070 
.0120 

.0008 
.0002 

4194 

Mar.    2 

Mar.    4 

Slight. 

Consid'ble, 
gray. 

0.50 

8.50 

1.10 

2.40 

.0004 

.0162 
.0130 

.14 

.0090 

.0003 

4456 

Apr.    1 

Apr.   8 
Apr.  23 

Verysllght. 

Consid'ble. 

0.40 

2.60 

1.05 

1.55 

.0008 

.0174 
.0146 

.07 

.0070 

.0001 

4553 

Apr.  22 

Very  slight. 

Consid'ble. 

0.80 

1 

2.85 

1.45 

1.40 

.0002 

.0192 
.0156 

.10 

.0030 

.0001 

4704 

May  20 

May  21 

Slight. 

Con.,earthy  1.00 
and  floc'i. 

8.40 

1.50 

1.90 

.0010 

.0220 
.0180 

.12 

.12 

.0030 
.0073 

.0001 

Av. 

1 

0.84 

4.86 

1.64 

2.72' 

.0010 

.0213 

0002 

1 

Hardness  in  May,  1888,  0.8.    Odor,  very  faintly  vegetable,  often  none. The  samples  were  col- 
lected from  Miller's  River  at  the  bridge  near  its  mouth. 
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Aiicroscopical  Examination. 

IMS. 

18S9. 

Jane. 

jQly. 

Aug. 

Sept. 

Oct. 

Nov. 

D«. 

Jan. 

Mar. 

Apr. 

Apr.  May. 

1.  Blae-green  Algm,  . 

. 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

pr. 

2.0therAlg»,   .       .       . 

. 

1.1 

10.8 

1.0 

2.5 

0.3 

0.8 

1.1 

0.2 

0.2 

1.1 

0.5 

6.1 

3.  Fnngl.     .... 

. 

1.0 

0.8 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4%  Animal  Forms,      . 

•      • 

pr. 

0.0 

0.0 

pr. 

0.0 

0.8 

pr. 

pr. 

0.0 

0.0 

O.l 

0.0 

Oronpa  and  principal  genera  of  organlama  observed:    1.  Cyanopbyoeie.    2.  Palmellacen;  Zoo* 
spores;  DesmldiaceaB ;  Dlatomacese,  Sytudra.    8.  Schizomyoetes,  Orenothrix,    4.  Protozoa;  Rotlfera. 


Table  showing  the  Flow  of  Mtller^s  River  at  Dam  of  New  Home  Serving  Machine 

Company^  Orange, 


Day  on  which 
Sample  was 

collected 
for  AnalyBls 

Miner's  Falls. 


Flow  daring 
Worlcing  Hoars 

on  the  Day 

the  Sample  was 

collected. 

Ga.  ft.  per  Sec. 


Average  Flow 

during 

Working  Hours 

for 

the  Month. 

Co.  ft.  per  Sec 


18S7. 

October, 

November,        .... 
December,        .... 


6 

11 

6 


896 
887 
440 


358 
409 
409 


Nashua  River. 

The  Nashua  River  is  formed  at  Lancaster,  in  the  eastern  part  of 
Worcester  County,  by  the  confluence  of  its  North  and  South  branches, 
and  flows  north-easterly  22^  miles  in  Massachusetts  and  9  miles 
in  New  Hampshire  to  the  Merrimack  River  at  Nashua.  It  drains  a 
territory  of  527.9  square  miles,  of  which  444.4  are  in  Massachusetts 
and  83.5  in  New  Hampshire. 

The  North  Branch  is  formed  by  the  union  of  three  streams  in  the 
south-western  portion  of  the  city  of  Fitchburg,  and  flows  thence  in 
a  north-easterly  direction  to  the  central  portion  of  the  city,  where  it 
turns  to  the  south-east  and  flows  in  this  direction  to  its  mouth. 

The  South  Branch  is  formed  at  West  Boylston  by  the  union  of  the 
Stillwater  and  Quinepoxet  rivers,  which  rise  respectively  in  Prince- 
ton and  Rutland,  and  thence  flows  south-easterly  and  then  north* 
easterly  12\  miles  to  its  mouth.  About  three  miles  above  its  mouth 
it  passes  through  Clinton,  which  is  the  only  large  town  upon  it. 
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The  main  river  has  no  important  town  upon  it  in  Massachusetts. 

The  drainage  area  of  the  river  is  generally  hilly  and  rolling,  the 
hills  near  the  sources  of  the  larger  tributaries  being  high  and  steep. 
In  the  immediate  vicinity  of  the  main  river  the  land  is  generally 
level  and  elevated  but  slightly  above  the  stream.  In  most  parts, 
however,  the  land  is  high  enough  to  confine  the  river  within  its 
banks  except  during  high  freshets.  The  North  and  South  branches 
and  their  tributaries  have  a  rapid  fall^  and  are  well  utilized  for 
power.  The  main  river  has  but  little  fall,  except  near  its  mouth  at 
Nashua,  where  there  are  large  cotton  mills.  There  are  a  number  of 
ponds  and  storage  reservoirs  on  the  drainage  area,  by  which  the  dry 
weather  flow  of  the  streams  is  increased  to  some  extent.  The 
available  storage  on  the  North  and  South  branches  of  the  river  is 
greater  than  in  other  parts  of  the  watershed. 

The  following  table  gives  statistics  of  drainage  areas,  population, 
etc. ,  in  the  Nashua  River  Valley :  — 


LOCALITY. 

Distance 
above 

Mouth  of 
Kashaa 
River. 

Drainage 
Area. 

Population 
(1888). 

Population 

per 
Square  Mile. 

Miles. 

Sq.  Miles. 

North  Branch,  at  Wallace's  Paper  Mill,  W.  Fltchburg, 

47.6 

67.8 

4,610 

78 

Korth  Branch,  at  Dack  Mill,  below  Fltohbarg,  . 

43.0 

63.8 

15,980 

250 

North  Branch,  at  North  Leominater,   .... 

41.0 

83.1 

18,277 

220 

40.0 

11.7 

2,943 

251 

North  Branch,  at  mouth 

81.5 

130.0 

24,873 

190 

South  Branch,  at  Cunningham 'e  bridge,  above  Clinton, 

87.6 

114.4 

7,726 

67 

South  Branch,  at  Lancaster  Mills,  Clinton, . 

85.6 

117.6 

8.612 

72 

South  Branch,  above  Coachlace  Brook,  Clinton, 

33.0 

119.3 

10,980 

92 

Coachlace  Brook,  at  mouth,  Clinton 

33.0 

6.9 

6,388 

914 

South  Branch,  at  mouth, 

31.5 

130.4 

17,030 

131 

Total  North  and  South  branches 

81.5 

281.3 

41,903 

100 

Nashua  River,  at  Mine  Falls,  above  Nashua, 

4.0 

621.6 

67,162 

110 

Nashua  River,  at  mouth,        ...... 

0.0 

627.9 

67,409 

128, 

The  portions  of  the  valley  which  possess  the  greatest  interest  from 
a  sanitary  point  of  view  are  the  north  branch  where  it  is  affected 
by  the  sewage  of  Fitchburg  and  Leominster,  the  lower  portion  of 
the  south  branch  below  Clinton,  and  the  upper  portion  of  this 
stream,  which  may  be  considered  as  a  possible  future  source  of  water 
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supply  for  the  large  population  in  and  about  Boston.  These  por- 
tions have  received  special  attention  with  regard  to  the  analyses  of 
the  waters,  and  will  be  described  in  some  detail. 

The  city  of  Fitchburg  had  in  1885  a  population  of  15,375,  and 
the  town  of  Leominster,  five  miles  below  Fitchburg,  a  population 
of  5,297,  making  the  aggregate  population  in  these  two  towns  which 
drain  into  the  north  branch  20,672.  The  population  of  these 
towns  in  1888  is  estimated  at  25,500.  The  city  of  Fitchburg  has 
many  sewers  which  discharge  directly  into  the  river.  The  town  of 
Leominster  discharges  some  sewage  into  Monoosnoc  Brook,  a  tribu- 
tary of  the  north  branch.  This  brook  has  a  fall  of  over  130  feet, 
which  is  fully  utilized  for  power,  and  it  consequently  receives  much 
manufacturing  sewage. 

The  fall  of  the  river  in  the  towns  of  Fitchburg  and  Leominster  is 
about  300  feet,  nearly  all  of  which  is  utilized  for  power  by  mills 
of  various  kinds  from  which  the  manufacturing  wastes  and  sewage  of 
the  operatives  are  turned  directly  into  the  stream.  Below  Leomin- 
ster down  to  the  junction  of  the  branches  the  stream  has  much  less 
fall  and  receives  comparatively  little  polluting  matter. 

The  town  of  Clinton  had  in  1885  a  population  of  8,945  and  in 
1888  an  estimated  population  of  9,700.  The  larger  portion  of  this 
town  drains  naturally  into  a  small  tributary  of  the  south  branch, 
known  as  Coachlace  Brook,  upon  which  is  also  located  the  extensive 
works  of  the  Bigelow  Carpet  Company.  A  smaller  portion  of  the 
town  drains  directly  into  the  south  branch  in  the  vicinity  of  the 
Lancaster  Cotton  Mills.  During  the  time  in  which  the  analyses  given 
in  this  report  were  being  made,  the  sewage  from  a  large  part  of  the 
population  in  the  valley  of  Coachlace  Brook,  and  the  wool  washings 
and  other  manufacturing  wastes  from  the  works  of  the  Bigelow 
Cai-pet  Company  were  turned  either  directly  into  the  brook  or  into 
a  mill  pond  upon  it  known  as  Counterpane  Pond,  making  them 
very  offensive.  An  intercepting  sewer  has  since  been  built  to  divert 
the  sewage  from  the  brook  and  carry  it  to  the  river. 

The  Lancaster  Cotton  Mills  employ  about  2,000  operatives,  and 
all  sewage  and  manufacturing  wastes  from  the  mills  and  some  sewage 
from  the  houses  belonging  to  the  company  are  turned  directly  into 
the  stream. 

The  population  in  the  valley  of  the  river  above  these  mills  is  small, 
amounting  in  1885  to  but  72  persons  per  square  mile.  Water  for 
use  in  the  mill  and  the  houses  in  the  vicinity  is  pumped  directly 
from  the  river. 
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An  examination  of  the  portion  of  the  Nashua  River  basin  in 
Massachusetts  was  made  by  the  State  Board  of  Health  in  1876,  the 
results  of  which  are  published  in  the  eighth  annual  report  of  the 
Board,  January,  1877,  pp.  21-67.  The  following  table  taken  from 
page  35  of  that  report  gives  a  summary  of  the  manufacturing  at 
that  time :  — 


MANUFACTURES. 


OperatiTes 
Kmployed. 


Woolen  mills 

Shoddy  mills,     .       .       .       . 

Cotton  mills 

Paper  mills,  .  .  .  . 
Edge-tool  and  machine  works, 
Comb  manufactories. 

Tanneries, 

Chair  and  tab  mannfactorlea,  . 
Leather-board  mills, . 
Flour  mills,         .       .        .       , 
Gas  works,         .       .       .       , 

Linen  mill, 

Wood  pulp  mill. 
Cotton  and  shoddy  mill,    . 
Totals,  .... 


Examinations  of  the  water  of  the  south  branch  of  the  Nashuti 
River  above  Clinton  were  made  monthly  from  June,  1887,  to  May, 
1889,  inclusive,  and  similar  examinations  of  the  main  river  at  Mine 
Falls  above  Nashua,  N.  H.,  were  made  from  June,  1887,  to  Decem- 
ber, 1888,  inclusive.  The  results  of  these  analyses  are  given  in  the 
appended  tables.  Records  of  the  flow  of  the  river  were  kept  at  the 
Lancaster  Mills,  Clinton,  and  at  the  Jackson  Company's  Mills  at 
Nashua  from  October,  1887,  to  December,  1888.  The  records  of 
volumes  flowing  per  square  mile  of  watershed  at  the  former  place 
difler  widely  from  those  at  the  latter  and  at  other  places  in  the 
State,  and  the  results  are  therefore  not  published.  The  volumes 
flowing  at  Nashua  are  given  in  an  appended  table  after  the  analyses. 

A  special  examination  of  the  north  and  south  branches  of  the 
river  was  made  Sept.  14-17,  1888,  the  results  of  which  are  given 
in  full  in  the  tables  of  analyses.     The  amount  of  free   ammonia, 
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chlorine,  and  nitrogen  jis  nitrites  at  each  point  is  shown  on  the  map 
on  page  472,  the  figures  given  being  in  many  cases  averages 
of  several  samples.  At  the  time  the  special  examination  of  the 
river  was  made,  the  flow  of  the  river  was  small,  but  it  was  by  no 
means  an  unusually  low  dry  weather  flow.  The  examinations  in  the 
vicinity  of  Clinton  and  at  the  mouth  of  the  branches  were  made  on 
Monday,  and  the  results  may  differ  somewhat  from  those  which 
would  be  obtained  later  in  the  week,  on  account  of  the  unusual 
conditions  which  exist  on  Sunday  when  the  water  of  the  river  is  held 
back  to  a  large  extent  in  mill  ponds. 

The  four  samples  above  Fitchburg  serv'^e  to  indicate  the  character 
of  the  water  of  the  north  branch  before  polluting  material  has  been 
turned  into  it  at  Fitchburg.  The  samples  collected  below  Fitchburg 
indicate  the  character  of  the  water  after  receiving  the  domestic  and 
manufacturing  sewage  of  this  city.  The  samples  collected  at  North 
Leominster  show,  by  comparison  with  those  taken  above,  the  change 
that  has  taken  place  in  the  character  of  the  water  after  flowing  about 
two  miles  with  a  sluggish  current  and  being  diluted  with  about  30 
per  cent,  of  its  volume  of  comparatively  pure  water.  In  like 
manner  the  samples  from  the  mouth  of  Monoosnoc  Brook  show  the 
extent  to  which  this  stream  is  polluted ;  and  those  taken  near  the 
mouth  of  the  north  branch  show,  by  comparison  with  those  taken 
next  above,  the  change  in  the  character  of  the  water  due  to  flowing 
ten  miles  and  being  diluted  with  the  flow  from  57  per  cent,  more 
drainage  area. 

The  samples  from  the  south  branch  at  Cunningham's  Bridge, 
above  Clinton,  represent  the  water  of  this  stream  where  it  has 
received  only  a  comparatively  small  amount  of  sewage  and  manu- 
facturing refuse  ;  those  taken  above  the  mouth  of  Coachlace  Brook 
were  affected  by  the  Lancaster  Mills  and  a  small'  portion  of  the 
population  of  Clinton ;  while  those  taken  near  the  confluence  with 
the  north  branch  were  affected  by  all  of  the  sewage  and  manufacturing 
wastes  turned  into  the  stream  at  Clinton.  The  samples  from  Coach- 
lace Brook  at  its  mouth  were  affected  by  the  sewage  of  a  large  part 
of  Clinton  and  that  of  the  Bigelow  Carpet  Company. 

The  samples  collected  from  the  main  river  above  Nashua  represent 
the  character  of  the  water  as  it  leaves  the  State  and  before  any 
sewaofe  has  been  turned  into  it  at  Nashua. 

The  examinations  of  the  water  of  the  south  branch  above  Clinton 
show  that  it  is  naturally  a  very  good,  soft  water,  having  compara- 
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tively  little  color  and  that  it  is  not  polluted  to  any  considerable  extent. 
The  water  below  the  Lancaster  Mills  and  above  the  mouth  of  Coach- 
lace  Brook  varied  little  in  quality  from  that  taken  above  the  mills. 
The  water  from  Coachlace  Brook  was  extremely  foul,  and  that  from 
the  mouth  of  the  south  branch,  below  this  brook,  was  much  polluted. 

The  water  of  the  north  branch  is  seriously  polluted  at  all  points 
below  Fitchburg.  Just  below  the  city  it  is  worse  than  at  any  other 
place  on  this  branch,  and  also  worse  than  at  any  point  on  the  south 
branch,  though  not  nearly  as  bad  as  the  water  of  Coachlace  Brook. 
From  below  Fitchburg  to  the  mouth  of  the  branch  the  analyses  show 
a  progressive  improvement  in  the  quality  of  the  water,  and  at  the 
latter  place  it  was  less  polluted  when  the  samples  were  taken  than 
the  water  of  the  south  branch.  The  water  of  Monoosnoc  Brook  was 
polluted  to  a  considerable  extent,  though  less  than  the  stream  into 
which  it  empties. 

The  water  above  Nashua  is  of  much  better  quality  than  at  the 
confluence  of  the  branches,  though,  except  at  times  of  high  flow,  the 
fact  that  the  water  is  polluted  can  easily  be  detected  by  chemical 
analyses. 

Examinations  of  other  surface  waters  in  the  Nashua  River  basin 
have  been  made  and  are  given  in  the  preceding  portion  of  this 
report  as  follows  :  — 

Asbbumham,  Storage  Reservoir,        ,        .        .        .        .      page  18 

Ayer,  Sandy  Pond, page  28 

Clinton,  Water  Works  Reservoirs,      ....    pages  102-104 

Clinton,  Heywood's  Pond, page  101 

Leominster,  Haynes  Reseinroir, page  188 

Leominster,  Morse  Reservoir, page  189 

Chemical  Examinaiion  of  Water  from  the  Tributaries  of  the  North  Branch  of  the 
Nashua  River  above  Fitchburg, 

[Parts  per  100,000.  J 


Datb  or 

Appkaraxcb. 

RK8IDUB  ON 

Evaporation. 

Ammonia. 

1 

NiTBOGisr 

A8 

1 

a 

j 

ii 

fi 

1 

i 

1 

i 

1 

1 

1 
il 

i 
1 

'A 

"^ 

8171 
81T2 

18 

Sept.U 

Sept.U 

88. 

Sept.  16 

Sept.  15 

Slight. 
Veryellght. 

CoTiBid'ble. 
Slight. 

0.60 
0.65 

4.98 
4.10 

1.55 
1.90 

8.40 
2.20 

.0008 
.0010 

1 

.0268 
.0210 

.0262 
.0204 

.86 
.16 

.0050 
.0070 

.0001 
.0002 
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Chemical  Examination  of  Water  from  the  Tributaries  of  the  North  Branch  of 
the  Nashua  River  above  Fitchburg  —  Concluded. 


Datb  or 

Rksidck  oh 
Evaporation. 

AxxojaA. 

i 

NxrHOQKir 

AS 

& 

j 

f 

1 

1 

1 

M 

1 

1 

l' 

i 

1 

5 

8173 
8174 

18 

Sept.  14 

Sept.  14 

88. 
Sept.  15 

Sept.  15 

Ven'Blight. 
None. 

Very  slight. 
Veryallght. 

0.40 

1 

0.10  ■ 

1 

8.35 
6.65 

1.20 
1.40 

2.15 
5.25 

.0016 
.0004 

.0168 
.0168 

.17 

! 

.39, 

1 

.OOTO 
.0050 

.0002 

.0001 

Odor  of  3171,  3172,  3173,  none;  of  3174,  faintly  musty. Sample  No.  8171  was  collected  from  Flag 

Brook  Just  above  Its  confluence  with  Whitmans  Klver.  Sample  No.  3172  was  collected  from  Whitmans 
River  Just  above  Its  confluence  with  Flag  Brook  at  Crockerville.  Sample  No.  3173  was  collected  from 
Nookagee  River  Just  above  Its  confluence  with  the  Nashua  River  at  West  Fitehbnrg.  Sample  No.  3174 
was  collected  from  the  Nashua  River  at  Wallace's  Paper  MUl,  West  Fitohburg. 

Chemical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  River 

below  Fitchburg, 

[Parts  per  100,000.] 


DATS  OP 

Appkabancb. 

Rbsidub  ok 
Evaporation. 

AxxoiriA. 

« 

e 

NiTROOsa 

AS 

i 

a 

5 

w" 

1 

*i 

1 

I 

^1 

1 

1 

1^ 

1 

Si 

K 

3177 

18 

Sept.  14 

88. 
Sept.  15 

Deolded. 

H*vy,c'rthy 
and  floo't. 

1.2 

9.85 

2.65 

6.70 

.0312 

1 
.0502 
.0362 

i 
.76 

.0080 

.0014 

8176 

Sept.  14 

Sept.  15 

Decided. 

H'vy.e'rthy 
aud  floc'l. 

1.0 

10.85  3.40 

7.45 

.0312 

.0600 
.0454 

.83 

.0150 

.0018 

8178 

Sept.  14 

Sept.  16 

Decided. 

H'vy.e'rthy 
and  floc't. 

1.0 

1 
10.30  2.60 

i 
7.70 

.0342 

.0704 
.0462 

.88 

.0090 

.0013 

8180 

Sept.  14 

Sept.  15 

Decided. 

Con.,e'rthy 
and  floc't. 

0.8 

1 
9.85  2.05 

1 

1 
7.80 

.0388 

.0516 
.0398 

.83 

.0120 

.0013 

Av. 

1.0 

'•*', 

.0326 

.0580 
.0419 

.83 

.0110 

.0014 

10.09 

2.67 

Odor  of  all  four  samples,  musty. The  samples  wore  collected  from  the  river  below  Fitchburg, 

near  the  boundary  between  Fitchburg  and  Leominster.    The  samples  were  collected  at  intervals  through 
the  day  as  follows :  No.  3177  at  8  a.m.,  No.  3176  at  11  a.x,  No.  3178  at  1.15  P.X.,  No.  3180  at  4  15  p.x. 


Microscopical  Examination, 


No.  3177. 

No.  8176. 

No.  3178. 

Xo.  8180. 

1.  Blue-green  Algas 

0.0 

pr. 

pr. 

pr. 

2.  Other  Alg», 

pr. 

0.3 

0.4 

pr. 

3.  Fungi, 

pr. 

0.1 

5.2 

10.0 

4.  Animal  Forms 

pr. 

0.0 

0.0 

0.3 

Groups  and  principal  genera  of  organisms  observed:    1.  CyanophyceaD.    2.  Palmellace»;    Zoo- 
spores; Diatomacen.    8.  Schixomycetes,  Crenothrix,    4.  Protozoa;  Entomostraea 
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Chemical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  River 

at  Leominster, 

[Paiti  per  100,000  ] 


DATS  OF 

Apfkaxavcb. 

RK8IDDB  Oir 
EVAPOaATION. 

\   AMIfORlA. 

i 

• 
1 

s 

NXTBOGEH 

AS 

£ 

j 

al 

f 

«j 

1 

1 

§1 

1 

1 

hi 

S 

1 

81M 

tin 

18 

Sept.  15 

Sept.  15 

88. 

Sept.  17 

Sept.  17 

SUgbt. 
SUgbt. 

Con.,e*rthy 
and  floc't. 

Con.,brown, 
fibrous. 

0.7 
0.6 

8.80 

8.eo 

2.80 
2.15 

6.50 
6.05 

.027i 
.0212 

.0380 
.0296 

.0290 
.0218 

.0340 
.0257 

.75 
.76 

.76 

.0100 
.0150 

.0015 
.0018 

At. 

0.6 

8.50 

2.22 

6.27 

.0243 

.0125 

.0014 

1 

Odor  of  3184,  vegetable  and  musty;  of  8181,  faintly  vegetable. Tbe  samples  were  collected  from 

the  river  Jnst  above  tbe  bridge  at  North  Leominster.    No.  8184  was  collected  at  10.30  a.m.  and  No.  8181 
at  3  P.M. 

Microscopical  Examination. 

No.  3184.    1.  Bine-green  algae,  pr. ;  2.  Other  algae,  0.2;  8.  Fungi,  0.0;  4.  Animal  forms,  pr. 
No.  3181.    1.  Blae-green  algas,  pr.;  2.  Other  algae,  0.5;  8.  Fungi,  0.0;  4.  Animal  forms,  0.2. 
O roups  and  principal  genera  of   organisms  observed:    1.  Cyanopbyoeas.    2.  Palmellaces»;   Zoo- 
Bporete;  Diatomaceas.    4.  Protozoa;  Nematoda;  Rotifera;  Entomostraca. 


Chemical  Examination  of  Water  from  Monoosnoc  Brook  at  Leominster. 

[Parts  per  100,000.] 


Datk  of 

ArPBARAXCB. 

Rksidue  ox 
Evaporation. 

AjniOKiA. 

1 

NlTROOKN 
AS 

'A 

i 

s 

f 

1 

1 

1 

i 

1 
.    1 

1 

ifl 

1 

1 

'A 

8182 
8183 

18 

Bept.U 

Sept.  IS 

Sept.  17 
Sept.  17 

DUtinct. 
Slight. 

Con.,  e*rthy 
and  floc't. 

Con.,e'rtby 
and  floc't. 

0.7 
0.8 

4.35 
4.15 

2.10 
1.80 

2.25 
2.35 

.0092 
.0112 

.ai24 
.0252 

.0330 
.0216 

.82 
.84 

.33 

.0250 
.0280 

.0265 

.0006 
.0009 

Av. 

1 

0.6 

2.30 

.0102 

.0327 
.0234 

.0008 

1 

4.25 

1.95 

Odor  of  3182,  musty;  of  3183,  faintly  vegetable The  samples  were  collected  from  the  brook  near 

Its  confluence  with  the  north  branch  of  the  Nashua  River  below  North  Leominster.    No.  3182  was  col- 
lected at  10  A.M.  and  No.  8183  was  collected  at  2.30  p.m. 


Microscopical  Examination. 

No.  3182.    1.  Bluo-greon  algflD,  0.2;  2.  Other  algas,  1.6;  8.  Fungi,  0.0;  4.  Animal  forms,  pr. 
No.  8163.    1.  Blue-green  algas,  pr.;  2.  Other  algae,  2.0;  8.  Fungi,  0.8;  4.  Animal  forms,  pr. 
Groups  and  principal  genera  of  organisms  observed:    1.  Cyanophycoae.    2.  Palmellacem ;  Zoo- 
•pore«;  Desmidiaceae;  Dlatomaeeas,  A$terionella.    8.  Schlzomycetes.    4.  Protozoa;  Rotifera. 
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Chemical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  River  jusi 
above  its  Confluence  with  the  South  Branch  at  Lancaster. 

[Parts  per  100,00a] 


Date  of 

APPKiLBANCB. 

BssiDnx  oir 
Evaporation. 

AMXoinA. 

i 

NITROGKV 
AS 

1 

i 

|l 

■f 

1 

1 

1 

§1 

1 

1 

Is 

1     ^' 

55 

8204 

18 

Sept.  17 

88. 
Sept.  19 

Piatlnct. 

Slight. 

0.60 

7.40 

1.90 

5.50 

.0122 

.0288 
.0250 

" 

.0250  .0012 

8206 

Sept.  17 

Sept.  19 

Verysllght. 

Slight. 

0.60 

7.46 

1.70 

5.75 

.0180 

.0298 
.0296 

,    .72 

i 

.0280  .0010 

8207 

Sept.  17 

Sept.  19 

Very  Blight. 

Slight. 

0.65 

7.60 

1.90 

5.70 

.0124 

.0276 
.0254 

!    .71 

1 

.0220  .0012 

8193 

Sept.  17 

Sept.  18 

Slight. 

Slight. 

0.50 

7.46 

1.80 

5.65 

'.0096 

.0288 
.0244 

.72 

.02801.0018 

Ay 

0.56 

7.47 

1.82 

5.65 

.0118 

1 

.0287 
.0261 

1 
.72 

0257    '^i^ 

Odor»  faintly  mnsty. The  samples  were  collected  from  the  north  branch  of  the  Kashaa  Rirer 

at  the  railroad  bridge,  about  one-third  of  a  mile  above  the  oonflnenoe  of  the  north  and  sonth  branches, 
as  follows :  No.  3204  at  10.50  am.,  No.  8200  at  1.15  P.Jf .,  No.  8207  at  8  P.Jf .,  No.  8103  at  3.50  P.Jf . 


Microscopical  Examination. 


No.  8201.   No.  8306.   No.  3207.    No.  3198. 


1.  Bine-green  Algas, 

2.  Other  Algse,    . 
8.  Fangl, 

4.  Animal  Forms, 


0.0 
1.4 
pr. 
pr. 


0.0 
1.8 
0.0 
0.2 


0.0 
2.9 
0.0 
pr. 


pr. 
4.8 
0.0 
pr. 


Groups  and  principal  genera  of  organisms    observed:    1.  Cyanophycese.    2.  Palmellacen;  Zoo- 
sporeso;  DesmidiacesB;  DiatomaoesB,  Sjfnedra.  8.  Sohizomycetes.   4.  Protozoa;  Spongiaria;  Ncmatoda. 
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Chemical  Examination  of  Water  from  the  Sottth  Branch  of  the  Nashua  River 

above  Clinton. 

[Puis  per  100,000.] 


DATS  OF 

Appbabakck. 

Rksidub  on 

EVAFOHATION. 

AXMOKIA. 

6 
1 

NlTROQKir 
AS 

1 

j 

1 

1 

1 

H 

i 

1 

1 

|l 

S 

S 

186 

18 

June  23 

87. 

June  24 

Very  slight. 

Slight. 

0.30 

4.28 

1.17 

8.06 

.0018 

.0175 

.25 

.0060 

^ 

416 

July  20 

July  28 

SUght. 

Veryslight. 

1.20 

4.48 

1.52 

2.96 

.0082 

.0840 

.15 

.0180 

- 

Oil 

Aug.  24 

Aug.  25 

Slight. 

Blight. 

0.90 

4.15 

1.43 

2.72 

.0020 

.0239 

.12 

.0050 

- 

839 

Sept.  21 

Sept.  22 

Veryslight. 

VerysUght. 

0.40 

8.90 

1.05 

2.86 

.0012 

.0166 

.19 

.0080 

- 

1007 

Oct.  20 

Oct.  22 

Slight. 

Slight. 

0.40 

4.30 

1.00 

8.30 

.0008 

.0216 

.27 

.0080 

- 

U39 

Nov.  21 

Nov.  22 

Slight. 

Veryslight. 

0.55 

4.05 

1.40 

2.65 

.0008 

.0196 

.25 

.0060 

- 

1470 

Dec.  21 

Dec  22 

Distinct. 

SUght. 

0.30 

8.85 

1.10 

2.75 

.0008 

.0180 

.22 

.0080 

- 

1005 

18 

Jan.  16 

88. 
Jan.  17 

Dlatinot. 

Slight. 

0.20 

3.45 

1.15 

2.30 

.0029 

.0220 

.13 

.0150 

.0000 

1815 

Feb.  13 

Feb.  14 

Veryalight. 

Veryslight. 

0.35 

3.45 

0.75 

2.70 

.0012 

.0122 

.22 

.0150 

.0000 

3005 

Mar.  12 

Mar.  15 

None. 

Veryslight. 

0.10 

4.25 

0.55 

8.70 

.0000 

.0056 

.15 

.0160 

.0001 

2233 

Apr.  16 

Apr.  17 

Distinct. 

Slight. 

0.30 

2.45 

0.85 

1.60 

.0000 

.0129 

.14 

.0080 

.0001 

2421 

May  14 

May  15 

Slight. 

SUght. 

0.60 

3.85 

1.50 

1.85 

.0012 

.0226 

.12 

.0050 

.0001 

2a07 

Jane  12 

June  13 

Veryslight. 

Veryslight. 

0.10 

4.0S 

0.75 

3.80 

.0000 

.0072 

.12 

.0100 

.0002 

278S 

July  17 

July  18 

Slight. 

Slight. 

0.20 

8.80 

1.05 

1 
2.75 

.0002 

.0182 
.0144 

.21 

.0020 

.0001 

2036 

Aug.  14 

Aug.  15 

Distinct. 

Slight. 

0.20 

8.85 

1.10 

2.75 

.0016 

.0164 
.0124 

.28 

] 

.0090 

.0002 

8195  ,  Sept.  17 

Sept.  18 

Veryalight. 

Slight. 

0.15 

3.95 

1.15 

2.80 

.0020 

.0202 
.0138 

.28 

.0070 

.0008 

3381 

Oct.  16 

Oct.  18 

Slight. 

Slight. 

0.00 

3.65 

1.60 

1 
2.05 

.0002 

.0174 
.0160 

.19 

.0080 

.0001 

3553 

Nov.  15 

Nov.  16 

Slight. 

Veryslight. 

0.00 

8.40 

1.46 

1.95 

.0004 

.0138 

.18 

.0150 

.0008 

3711 
S361 

Dee.  13 

18 

Jan.  15 

Deo.  14 

80. 

Jan.  17 

Slight. 
Veryslight. 

Blight. 
Veryslight. 

0.20 
0.20 

2.75 
2.95 

0.85 
0.85 

1 
1.90 

2.10 

.0004 
.0000 

.0124 
.0108 

.0180 
.0154 

.19 

1 
.18 

.0070 
.0100 

.0001 
.0001 

4012 

Feb.  19 

Feb.  20 

Decided. 

Consld'ble. 

0.30 

3.30 

1.00 

2.30 

.0008 

.0188 
.0166 

.21 

.0090 

.0002 

4851 

Mar.  10 

Mar.  20 

Slight. 

Veryslight. 

0.20 

2.60 

0.70 

1.90 

.0000 

.0134 
.0100 

.16. 

1 

.0060 

.0002 

4531 

Apr.  16 

Apr.  18 

Veryslight. 

SUght. 

0.20 

2.75 

0.75 

2.00 

.0006 

.0138 
.0112 

.18 

.0040 

.0002 

4068 

May  14 

May  15 

Slight. 

Consid'ble. 

0.30 

3.20 

1.05 

2.15 

.0008 

.0174 

.17 

! 

.19 

1 

.0080 

.0001 

A,. 

0.38 

3.83 

1.12 

2.70 

.0010 

.0172 

.0084 

.0001 

Hardness  in  May,  1888,  1.1.    Odor,  faintly  vegetable,  occasionally  mouldy.  ^^  The  samples  were 
eoUected  from  the  rivor  at  Cunningham's  Bridge  about  two  mUes  above  Clinton. 
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Microscopical  Examination. 


1888.                              1 

1889. 

June. 

July.j  Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-green  Algss,  .... 

0.0 

0.0 

0.0 

0.0 

0.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Alg», 

1.3 

2.7 

4.0 

1.7 

0.8 

pr. 

0.5 

0.1 

1.1 

O.fl 

0.5 

1.0 

3.  Fungi, 

0.0 

0.6 

0.1 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms 

0.1 

3.0 

0.1 

0.2 

pr. 

0.1 

pr. 

pr. 

pr. 

0.1 

0.0 

0.2 

Groups  and  principal  genera  of  organisms  observed :  1.  Cyanophyoeas.  2.  PalmellacesB ;  Zoo- 
sporeee;  DeemldiaceflB ;  Diatomaoese,  Meloaira;  Zygnemacese.  ^.  Schlzomyeetcs.  4.  Protozoa, 
Dinobryon;  Sponglaria;  Rotlfera;  Entomostroca. 


Chemical  Examination  of  Water  from  the  SotUh  Branch  of  the  Nashua  River  at 
Clinton,  above  the  Mouth  of  Coachlace  Brook. 

[Parts  per  100,000.] 


Datb  or 

Appbabamck. 

Rksiduk  ok 

EVAPOSATION. 

AmcoMiA. 

6 

c 

NITROGB9 
AS 

*A 

1 

i 

f 

1 

1 

i| 

li 

1 

1 

S 

i 

i: 

Si 

8190 
3205 

18 

Sept.  17 

Sept.  17 

Sept.  18 
Sept.  19 

Very  slight. 
Slight. 

Slight. 
Slight. 

0.2 
0.2 

4.00 
3.75 

1.30 
1.00 

2.70 
e.75 

.0020 
.0006 

.0188 
.0148 

.0188 
.0146 

.0188 
.0147 

.29 
.30 

.30 

.0070 

.0080 

1 

.0008 
.0003 

hv 

1 

0.2 

3.87 

1.15 

2.72 

.0013 

1           1 
.0075  '.nnAS 

1 

1 

Odor,  faintly  vegetable. The  samples  were  collected  from  the  river  opposite  the  comer  of  High 

and  Allen  streets;  No.  3190  was  collected  at  11.35  a.m.    Sample  No.  3205  was  collected  at  2.30  p.x. 


Microscopical  Examination, 

No.  3190.    1.  Blue*green  algse,  pr.;  2.  Other  algee,  2.9;  8.  Fungi,  0.0;  4.  Animal  forms,  0.3. 
No.  3205.    1.  Blue-green  alg»,  0.0;  2.  Other  algaa,  1.1 ;  3.  Fungi,  pr.;  4.  Animal  forms,  pr. 
Groups  and  principal  genera  of  organisms  observed :    1.  CyanophycesB.    2.  PalmellacesB,  Chloro- 
coccut;  Zoosporese;  Dcsmidiacesa;  Diatomaceas.    3.  Schizomycetes.    4.  Protozoa;  Rotlfera. 
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C^emic<ti  ExamiruUion  of  Water  from  Coachlaee  Brook  at  Clinton. 

[ParU  per  100,000.] 


Datk  of 

Appbaranck. 

RXfllDUB  OV 

Evaporation. 

AjncoMiA. 

6 

NITROOEV 
A« 

s 

1 
1 

a 

if 

Turbidity. 

£ 

1 

1 

ii 

1 

il 

< 

1 

S 

t202 

18 

Sept.  17 

88. 

Sept.  19 

Slight. 

CoD.,e'rthy 
and  floc't. 

0.35 

9.65 

1.90 

7.75 

.2280 

.0620 
.0440 

1.00 

.0180 

.0066 

8189 

Sept.  17 

Sept.  18 

Slight. 

Con.,e'rthy 
and  floc't. 

0.23 

8.90 

1.65 

7.25 

.2200 

.0520 
.0460 

0.05 

.0330 

.0033 

8191 

Sept.  17 

Sept.  18 

DisUoct. 

Con.,e'rthy 
and  floc't. 

0.20 

9.46 

1.85 

7.60 

.1720 

.ono 
.0580 

0.99 

.0200 

.0044 

sm 

S«pt.l7 

Sept.  18 

Decided. 

Con.,e'rthy 
and  floc't. 

0.40 

11.00 

2.75 

8.25 

.1820 

.0786 
.0476 

1 
.0650 
.0487; 

0.97 
0.98 

.0050 

.0200 

Av. 

0.29 

9.75 

2.04 

7.71 

.1065 

1 
.0190   .0083 

Odor,  offensive. The  Bamplea  were  collected  from  Coachlaee  Brook,  near  the  point  where  it 

flows  into  the  Nashua  River,  as  follows :  No.  3202  was  collected  at  9.45  A.X.,  No.  8180  at  11.30  a.m.,  No. 
3191  at  2.40  P.M.,  No.  3194  at  4.10  p.m. 


Microscopical  Examination, 

No.  8902. 

Xo.  8189. 

No.  8191. 

No.  8194. 

1.  Blue-green  Alg»,    . 

0.3 

0.6 

pr. 

0.2 

2.  Other  Alg»,     . 

0.2 

0.5 

0.4 

0.6 

S.Fnngl.      .       .       . 

1.5 

0.8 

1.0 

pr. 

4.  Animal  Forma, 

0.2 

0.6 

pr. 

0.0 

Groups  and  principal  genera  of   organisms  observed:    1.  Cyanophyceao.    2.  PalmellacesB ;  Zoo- 
spores; Desmidiacecs;  Diatomaceas.   3.  Schlzomycetes,  Orenothr^*   4.  Protozoa;  Rotifera;  Nematoda. 


Chemical  ExamincUion  of  Water  from  the  South  Branch  of  the  Nashua  River  just 
above  its  Confluence  with  the  North  Branch  at  Lancaster, 

[Parts  per  100,000.] 


Date  of 

APPXARAJtCB.                      1 

Bksidub  on 
evai'oratiok. 

Ahmonia. 

S 
u 

NlTROGBN 
AS 

1 

1 
1 

i 

9i 

2 

*: 

ji 

t 

d 
l^ 

1 

1 

ll 

1 

S 
1 

1           IS 

88. 

1 

8203 

Sept.  17 

Sept.  19 

SUght. 

Consld'ble. 

0.2 

1 

5.25 

1.45 

3.80 ; 

.0444 

.0286 
.0184 

.41 

.0180 

.0010 

S208 

Sept.  17   Sept.  10 

Slight. 

Consid'ble. 

0.2 

.0810 

.0212 

.40 

.0180 

.0008 

1 

».« 

0.95 

4.80 

.0166 
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Chemical  ExamincUion  of  Water  from  the  SotUh  Branch  of  the  Nashua  River  Just 
above  its  Confluence  with  the  North  Branch  at  Lancaster — Concluded. 


Date  ov 

Appbabavob. 

Rksidub  oh 

EVAPOKATIOK. 



Ammohia. 

1 

NITBOOBX 
AS 

'A 

1 

1^ 

1 

«> 

1 

1 

§1 

1 

1 

1^ 

» 

K 

3209 
8192 

18 

Sept.  17 

Sept.  17 

88. 
Sept.  19 

Sept.  18 

SUght. 
VerysUght. 

SUgbt. 
Slight. 

0.2 
0.2 

4.85 

4.80 

0.95 
1.10 

3.90 
8.20 

.0106 
.0136 

.0264 

.0208 
.0156 

.0216 
.0184 

.0230 
.0173 

.36 
.35 

.88 

.0230 
.0180 

.0102 

.0007 
.0006 

Av. 

0.2 

4.91 

1.11 

8.80 

.0008 

Odor,  generally  motty. The  eampleB  were  collected  from  the  river,  just  above  Its  conflttence 

with  the  north  branch,  as  follows :  No.  8208  was  collected  at  10.20  A.X.,  No.  3208  at  12.30  P.M.,  No.  3209 
at  2.30  P.M.,  No.  3102  at  3.30  p.x. 


Microscopical  Examination. 


1888. 

No.  8208. 

No.  8306. 

No.  8309. 

No.  8192. 

1.  Blue-green  Alg», 

2.  Other  Alg», 

3.  Fungi 

4.  Animal  Forms, 

0.0 
4.2 
0.6 
0.4 

pr. 
6.0 
pr. 
0.2 

0.2 
3.7 
0.0 
pr. 

pr. 
62 
pr. 
0.1 

Groups  and  principal  genera  of  organisms  observed:  1.  CyanophyceaB.  2.  Palmollaec« ;  Zoo- 
sporeo,  ^c«ntf<2Mfnu<;  Desmidiacess;  DlatomaceiBy^Vapicuto, /9yneifra.  3.  Bchlzomycetes.  4.  Protozoa; 
Nematoda. 


Chemical  Examination  of  Water  from  the  Nashua  River  ai  Nashua,  N.  H, 

[Part*  per  100,000.] 


Date  of 

Appbabakcb. 

UesiDUK  ov 
Evaporation. 

Ammonia. 

1 

NiTBOOBV 

AS 

^ 

j 

|l 

£. 

j 

1 

^ 

4 

1 

fa 

1 

i 

•  c 

^1 

1 

1 

91 

18 

June  14 

87. 
June  15 

None. 

Gon.,brown. 

0.40 

4.87 

2.00 

2.87 

.0066 

.0185 

.43 

.0070 

« 

819 

July  12 

July  13 

Slight. 

Cou.,brown.  0.50 

5.00  1 1.35 

3.65 

|.0022 

.0245 

.38 

.0070 

- 

662 

Aug.  15 

Aug.  17 

Blight. 

Sll't,earthy.!o.70 

4.92   1.00 

3.92 

.0039 

.0193 

.20 

.0100 

- 

768 

Sept.  13 

Sept.  15 

DUtinct. 

Sll't,e»rthy.  0.20 

4.90.0.85 

4.05 

'.0026 

.0191 

.29 

.0070 

- 

970 

Oct.  18 

Oct.  19 

,  Slight. 

1 

Slight.           0.60 

5.45.1.30 

1 

4.15 

.0054 

1 

.0106 

.35 

.0090 

- 
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Chemical  Examination  of  Water  from  the  Nashua  River  at  Nashua,  N.  H, 

— Concluded. 


Date  op 

Appbarakcb. 

BunyoB  oir 

EVAPOtATIOM. 

Ahjcokia. 

NtTKOOSir 

AS 

^ 

1 

J 

H 

i 

gl 

h 

1 

g 

55 

s 

i 

3- 

1 

1 

1 

1- 

i 

'ii 

< 

1 

55 

1109 

18 

Nov.  16 

Not.  16 

1 
Decided. 

Slight. 

0.40 

6.66 

1.30 

4.26 

.0039 

.0214 

.41 

.0000 

^ 

1423 

Dee.  16 

Dec.  16 

Dtitinct. 

Slight. 

0.46 

4.35 

1.20 

8.16 

.0027 

.0195 

.28 

.0100 

- 

IWl 

IS 

Jan.  18 

ss. 

Jan.  20 

Blight. 

Very  slight. 

0.10 

4.65 

1.10 

8.46 

.0002 

.0096 

.22 

.0230 

. 

1850 

Feb.  16 

Feb.  17 

Distinct. 

Sli%  white. 

0.35 

4.80 

1.15 

8.65 

.0004 

.0160 

.95 

.0120 

.0001 

2036 

Kar.  16 

Mar.  19 

Distinct. 

Slight. 

0.20 ; 

4.20 

0.86 

8.86 

.0019 

.0148 

.24 

.0090 

.0001 

2261 

Apr.  18 

Apr.  20 

j  Slight. 

Sli't,brown. 

0.20 

3.10 

1.00 

2.10 

.0002 

.0114 

.18 

.0080 

.0002 

24M 

May  16 

May  18 

Very  slight. 

SU*t,brown. 

0.40 

8.26 

1.20 

2.06 

.0004 

.0178 

.17 

.0050 

.0001 

2615 

June  14 

June  16 

Very  slight. 

Sli't.  m*ty 
brown. 

0.40 

4.15 

1.00 

8.16 

.0034 

.0172 
.0158 

.27 

.0070 

.0003 

2W6 

July  19 

July  20 

Slight. 

SH't,  brown. 

0.30 : 

4.65 

0.80 

8.85 

.0062 

.0198 
.0136 

.35 

.0070 

.0008 

29o3 

Aug.  15 

Aug.  17 

Slight. 

SU't,brown. 

0.40. 

S.35 

1.80 

4.05 

.0044 

.0176 
.0152 

.41 

.0100 

.0003 

3226   Sept.  20 

Sept.  21 

Blight. 

Sli%browo. 

0.60 

5.55 

1.65 

8.90 

.0006 

.0300 
.0254 

.40 

.0120 

.0007 

8304 

Oct.  17 

Oct.  19 

Very  slight. 

811%  earthy 
and  floc*t. 

0.60 

4.n 

1.25 

2.86 

.0006 

.0168 
.0154 

.22 

.0150 

.0004 

8554 

Not.  15 

Nov.  16 

1 

Slight. 

Slit,  white. 

0.50 

4.00 

1.20 

1 
8.80  1 

.0016 

.0268 
.0188 

.24 

.0150 

.0008 

87M 

Dec.  11   Dec.  13 

Distinct. 

Sli%  white. 

0.15 

1 

3.55 

1.05 

2.50; 

.0006 

.0166 
.0134 

.25 
.29 

.0100 
.0102 

.0002 

At. 

0.38 

1 

4.58 

1.19 

8.89! 

.0029 

.0187 

.0003 

1 

Hardnees  in  May,  18S8,  1.8.    Odor,  generally  Tegetoble.  —  The  samples  were  collected  from  the 
river  at  Mine  Falls.    There  were,  heavy  rains  Just  previous  to  the  collection  of  Nos.  319, 1190  and  3226. 


Microscopical  Examination, 


ISSS. 

Jun«.  July.!  Aug. 

8ept.|  Oct. 

Xov. 

l)cc. 

1.  Bfaie-green  AJgn, 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

9.  Other  A1g» 

4.5 

1.3 

1.8 

2.2 

0.9 

1.0 

0.2 

3.  Fungi, 

1.6 

0.7     0.2  '  pr. 

0.3 

0.0 

0.0 

4.  Animal  Forms, 

pr. 

0.0  1  pr.     0.1 

pr. 

0.2 

pr. 

OroQpe  and  prineipai  genera  of  organisms  observed:  1.  Oyanophyces.  2.  PalroeliacesB ;  Zoo. 
tponn,  BapMdium;  DesmidlaceoB ;  DialoroacesD.  8.  Schlzomycetes,  Orenothrix,  4.  Protozoa;  Spon- 
glarla;  Annelida;  Rotifera;  Entomostraca. 
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Table  shomng  the  Flow  of  the  Nashua  Biver  at  the  Dam  of  the  Jackson  Co.^ 

Nashua,  N  H.  * 


MONTH. 

• 

Day 

on  which  the 

Sample 
was  collected 

for 

Analysis  at 

Clinton. 

Day 

on  which  the 

Sample 
was  collected 

for 

Analysis  at 

Nashua. 

now  during 
Working  Hoars 

on  the  l>ay 

the  Sample  was 

collected  at 

CUnton. 

Flow  daring 
Working  Hours 

on  the  Day 
the  Sample  was 

collected  at 
Nashua. 

Average  Flow 

durintr 

Working  Hoars 

fiir 

tho  Mouth. 

Cn.  ft.  per  soo. 

Co.  ft.  per  sec. 

Co.  ft.  per  sec. 

1887. 

October,  . 

November, 
December, 

1888. 

January, . 

February, 
March,     .        . 
April,      . 
May.        .        . 
June, 

July,        .       . 
August,  . 
September,     . 
October,  . 
November, 
December, 

• 

20 
21 
21 

16 
13 
12 
16 
U 
12 
17 
14 
17 
16 
15 
18 

18 
15 
15 

18 

15 

15 

18 

16 

14 

19    ► 

15 

20 

17 

15 

11 

637 
851 
859 

637 
608 
568 

2.293 

2,582 
718 
618 
797 
680 

2,899 
598 

1,911 

668 
665 

947 

806 

659 

568 

2,018 

1,784 

719 

468 

849 

1.656 

2,503 

1,643 

601 
718 
851 

76S 

1,112 

1,327 

2.117 

1,200 

688 

668 

092 

1.224 

2,535 

2.073 

Nepoxset  River. 

The  Neponset  River  basin  lies  to  the  south-east  of  the  Charles 
River  basin  and  occupies  the  central  part  of  Norfolk  County.  It 
rises  in  the  Neponset  Reservoir  in  the  town  of  Foxborough,  and 
flows  thence  in  a  generally  north-easterly  direction  to  Dorchester 
Bay,  draining  an  area  of  114.1  square  miles. 

At  Hyde  Park  the  river  is  joined  by  its  principal  tributary. 
Mother  Brook,  which  has  a  comparatively  small  watershed  of  its 
own,  but  is  legally  entitled  to  receive  at  its  upper  end  one-third  of 
the  water  flowing  in  Charles  River.  It  may  therefore  be  considered 
as  having,  in  addition  to  its  own  watershed,  one-third  of  that  of  the 
Charles  River  above  it,  equal  to  66.2  square  miles. 

The  watershed  of  the  Neponset  River  is  generally  a  hilly  and 
rolling  country,  some  of  the  hills,  notably  those  in  the  Blue  Hill 
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range,  being  high  and  steep.  Between  Norwood  and  Hyde  Park, 
the  river  for  more  than  seven  miles  meanders  with  a  sluggish  cur- 
rent through  very  extensive  meadows  and  swamps  which  are  gener- 
ally wet  throughout  the  year.  There  are  also  swamp  and  meadow 
lands  in  other  portions  of  the  watershed  and  several  large  ponds, 
which  store  considerable  water  and  tend  to  keep  up  the  dry  weather 
flow  of  the  stream.  The  total  storage  capacity  is,  however,  com- 
paratively small,  and  the  stream  becomes  very  low  in  dry  seasons. 
The  fall  of  the  stream  is  considerable,  being  over  260  feet  from 
Neponset  Reservoir  to  its  mouth,  a  distance  of  25  miles ;  by  far  the 
greater  part  of  this  fall  occurs  above  the  great  meadows. 

The  water  of  the  river  is  not  used  directly  for  domestic  water 
supply,  but  the  Hyde  Park  Water  Company  obtains  water  for  sup- 
plying the  town  from  tubular  wells  driven  near  the  river  a  short 
dbtance  above  the  mouth  of  Mother  Brook. 

Above  these  wells  the  river  drains  an  area  of  94.8  square  miles, 
which  contained  in  1885  a  population  of  15,270,  equal  to  161  per- 
sons per  square  mile.  Below  this  point  the  population  is  much 
more  dense,  and  is  growing  rapidly  on  account  of  its  proximity  to 
Boston. 

The  valley  contains  the  whole  or  a  considerable  portion  of  nine 
cities  and  towns,  eight  of  which  have  public  water  supplies.  None 
of  them,  however,  have  public  sewers  except  Boston,  which  has  in 
the  aggregate  •  five  miles  in  the  Dorchester  District  discharging 
directly  into  the  tidal  portion  of  the  river. 

Careful  examinations  of  the  valley,  with  reference  to  the  pollution 
of  the  streams,  were  made  by  the  State  Board  of  Health  in  1875, 
and  by  the  Massachusetts  Drainage  Commission  in  1885.  The 
results  of  the  former  are  given  in  toe  Seventh  Annual  Report  of 
the  Board,  January,  1876,  pp.  89-97 ;  and  the  latter  in  the  report 
of  the  Commission,  pp.  76-95.  These  examinations  show  that  the 
water  power  of  the  streams  has  been  quite  completely  developed  and 
that  there  is  a  very  large  amount  of  manufacturing,  particularly  in 
the  upper  portions  of  the  valley,  in  proportion  to  the  size  of  the 
streams;  also,  that  the  factories  in  many  cases  discharge  much 
objectionable  refuse. 

The  following  table,  compiled  from  the  report  of  the  Commission, 
gives  a  summary  of  the  manufacturing  in  the  valley  in  1885  :  — 
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MANnFACrCRES. 


Vimber. 


Opentlves 
Employed. 


Woolen  mills, 
Cotton  mlllB.  . 
Paper  mUIa,   . 
Bilk  mills,      . 
Emery  mills, . 
Iron  and  metal  works, 
Stove  polish  works, 
Rubber  works, 
Paint  works,  . 
Printing  ink  works. 
Chocolate  factory, 
Curled  hair  factory, 
Bleachery, 
Tanneries, 

Dye  and  color  works, 
Touls,     . 


1,138 
Wl 
275 
150 

20 
619 

40 

50 
4 

16 
200 

lao 

22 

250 

18 


3,573 


Note.— -In  addition  to  the  above  there  are  a  starch  factory,  dye  works  and  several  shoe  factories 
in  the  valley,  in  which  the  number  of  operatives  is  not  given. 

Wool  is  scoured  at  seven  of  the  nine  woolen  mills.  At  the  wool- 
scouring  mill  of  E.  F.  Lewis  in  Walpole,  neariy  as  much  wool 
was  scoured  in  1885  as  at  all  the  other  mills  in  the  valley,  and  on 
account  of  the  objection  to  the  pollution  of  the  stream  by  the  refuse 
from  the  mill  the  business  has  recently  (1890)  been  removed  from 
the  valley. 

Examinations  of  the  water  of  the  river  opposite  the  wells  of  the 
Hyde  Park  Water  Company  were  made  monthly  from  June,  1887, 
to  May,  1889,  inclusive,  and  measurements  of  the  flow  of  the  river 
at  Mattapan  were  made  during  the  months  of  October,  November 
and  December,  1887  ;  the  results  are  given  in  the  appended  tables. 
The  flow  of  Mother  Brook  from  October,  1887,  to  December,  1888, 
is  given  on  page  405. 

Examinations  of  other  surface  waters  in  the  Neponset  basin  have 
been  made,  and  are  given  in  the  preceding  portion  of  this  report,  as 
follows :  — 

Canton,  York  Pond, page   94 

Hyde  Park,  Sprague  Pond, page  167 

Norwood,  Buckmaster  Pond, page  260 

Sharon,  Mannas  Pond, page  291 
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The  examinations  of  the  Massachusetts  Drainage  Commission 
showed  that  a  part  of  the  upper  portion  of  the  river  and  its  tribu- 
tary brooks  were  badly  polluted  by  the  discharge  of  manufacturing 
sewage,  chiefly  from  wool-scouring  mills,  tanneries  and  dyeworks, 
and  their  waters  were  thereby  rendered  unfit  for  use  in  some  manu- 
facturing operations.  *         • 

Opposite  the  wells  of  the  Hyde  Park  Water  Company  the  pollu- 
tion was  said  to  be  noticeable  to  the  eye.  The  analyses  given 
below  also  show  that  the  amount  of  pollution  at  this  point  is  con- 
siderable, notwithstanding  the  fact  that  the  flow  of  the  river  was 
never  very  low  during  the  time  covered  by  these  examinations. 

A  branch  sewer  of  the  main  drainage  works  of  Boston  is  now 
being  built  to  protect  the  lower  portion  of  the  river  from  pollu- 
tion by  the  sewage  of  Dorchester. 


Chemical  ExamincUian  of  Water  from  the  Neponaet  River  above  Hyde  Park, 

[Part*  per  100,000.] 


Datb  or 


Apphakancb. 


Rbsiddb  ow 
evapobatiom. 


Ajhokia. 


NlTROGBM 


83 
297 
5U 

■►  721 
026 
1133 
13U 

165« 

1801 


2183 


2721 
2887 


18 

June  10 

July  11 
Aag.  9 

Sept.  0 
Oct.  11 
Nov.  9 
I>oe.  12 


87. 

June  11 

July  11 
Ang.  10 

Sept.  9 
Oct.  11 
Nov.  10 
Doc.  13 


Jan.  19 
Feb.  10 
Mar.  9 
Apr.  0 
May  8 
Jaly  5 
Aoff.  8 


18  88. 


Jan.  23 
Ftob.  18 
Mar.  10 
Apr.  11 
Ma^  8 
July  0 
Aug.  9 


SUght. 
SUght. 
Very  Blight. 

Very  alight. 
Decided. 
Decided. 
DlBtinct. 

DlBtinct. 

Distinot. 

Dedded. 

Slight 

DiBtinct. 

SUght. 

Slight. 


Conaid*ble. 

None. 

Mach,maty 
brown. 

Slight. 

Blight. 

Slight. 

Con.,e'rthy 
and  floc't. 

Consid^ble, 
earthy. 

Con.te'rthy 
and  floc't, 

Con.,e*rthy| 
and  floc't. 

Slight, 
brown. 

Conaid*ble, 
brown. 

Slight, 
brown. 

Slight, 
brown. 


2.00 
1.00 
1.00 

0.70 
0.80 
1.00 
1.20 

1.00 


0.90 


1.40 


0.80 


6.80 
6.95 
9.07 

7.37 
8.75 
11.25 
9.25 

7.80 

6.55 

7.90 

4.80 

5.85 


8.00 
1.75 
2.55 

1.72 
1.60 
2.80 
2.75 

2.65 

2.160 

i;.45 

1.65 

2.45 


B.70  2.10 

I 
8.95 '2.10 


3.80 
4.20 
6.62 

6.65 
T.25 
6.45 
6.50 

4.65 

3.95 

5.45 

2.65 

3.40 

4.60 
6.85 


.0044 
.0069 
.0002 

.0089 
.0094 
.0009 
.0056 

.0011 

.0007 

.0046 

.0008 

.0066 

,0052 

.0034 


.0487 
.0432 
.0509 

.0256 
.0370 
.0868 
.0388 

.0303 

.0283 

.0372 

.0288 

.0814 

.0286 


.0446 
.0432 


0.68 

.0070 

0.58 

.0000 

0.93 

.0070 

0.74 

.0130 

1.28 

.0100 

1.66 

.0090 

1.09 

.0100 

0.67 

.0200 

0.65 

.0200 

0.88 

.0120 

0.52 

.0050 

0.56 

.0080 

0.94 

.0070 

1.42 

.0070 

.0000 
.0000 

.000a 

.0000 
.0003 
.0008 
.0004 
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Chemical  Examination  of  Water  from  the  Neponaet  River  above  Hyde  Park — Con. 


Datb  or 


Jjp 


Appbabavob. 


RB8IDUB  Olt 
EVAPOBATIOB. 


AmfONiA. 


ll 


NiTBOOEV 
AS 


8158 
8347 
3585 
8758 
8833 
4026 
4300 
4474 
4022 


18 

Sept.  11 

Oct.  10 
Nov.  13 

Deo.  19 

18 

Jao.    8 

Feb.  15 
Mar.  13 
Apr.  8 
May    8 


Av. 


88. 

Sept.  12 

Oct.  11 
Nov.  14 

Dec.  ao 

89. 

Jan.  10 

Feb.  18 
Mar.  15 
Apr.  0 
May    8 


Veryalight. 

VeryaUght. 

Veryalight, 

Slight. 

Slight. 

Decided. 

Slight. 

Diatlnct. 

Slight. 


Slight, 
brown. 

Slight. 


Sll»t,  e»rthy 
and  floc't. 

Sli't,e»rthy 
and  floo't. 

Blight. 


Slight, 
earthy. 

Verytligfat 


Conald'ble. 


Contid'ble. 


1.10 
1.60 
1.60 
0.70 
0.60 
0.50 
0.70 
0.00 
1.70 


1.07 


11.20 
6.35 
5.65 
3.70 
3.60 
0.65 
5.00 
4.70 
5.55 


2.55 
2.75 
2.35 
1.85 
1.15 
1.55 
2.00 
1.65 
2.50 


7.53 


8.65 
8.60 
8.30 
2.85 
2.45 
4.10 
8.00 
8.05 
8.05 
5.21 


.0008 


,0008 


,0006 


,0006 


.0004 


.0122 


0430 
.0378 

.0350 
,0828 

0344 
0284 

0150 
0180 

0188 
.0164 

0254 
0180 

0240 
0168! 

.0276 
0286 

0892 
.0838 


.0037 


0336 


1.63! 

0.63 

0.59 

0.43 

0.47 

0.75 

0.60 1 

0.65 

0.56! 


.0090 
.0080 
.0000 
.0030 
.0050 
.0110 
.0030 
.0040 
.0040 


.0005 
.0002 
0002 

.0006 
.0001 

0002 
0002 
00U2 


0.83|;.00S2 


0002 


Hardness  in  May,  1888, 1.9.    Odor,  vegetable,  often  mouldy.    The  samples  were  oolleeted  from  the 
Neponset  Biver  near  the  pumping  station  of  the  Hyde  Park  Water  Company. 


Microscopical  Examination, 


1888. 

1889. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-green  AlgSB , . 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Algae, 

0.6 

0.9 

pr. 

0.4 

0.2 

0.0 

0.7 

1.0 

0.0 

2.7 

1.2 

3.  Fungi. 

4.0 

1.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms, 

pr. 

0.1 

0.1 

0.6 

0.2 

0.0 

pr. 

0.1 

0.0 

0.0 

0.2 

Qronps  and  principal  genera  of  organisms  observed:  2.  Palmellaceao;  Zoospores;  Desmidlaoes; 
Diatomacefls,  FragiUaria,  Synedra;  Zygnemacen.  3.  Sohizomycetes.  Cfrenoihrtx.  4.  Protozoa; 
Spongiaria. 
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Table  showing  the  Flaw  of  the  Neponset  River  at  the  MaUapan  and  Sumner  Mill, 

Mattapcm. 


MOXTH. 


Daj  on 
which  Sample 

was 
collected  fbr 

Analysis 
at  Uyde  Park. 


Flow  During 
Working  Hours 

on  the  I>aj 

the  Sample  was 

ooilected. 

Cn.  ft  per  sec. 


Average  Flow 

during 

Working  Boon 

for 

the  Month. 

Cu.  ft.  per  sec. 


1887. 
October,       .... 

Kovember,   .... 

December 


11 
9 
12 


133 
133 
152 


134 
138 
158 


NoTB.— The  drainage  area  of  the  Neponaet  Biver  at  Mattapan  li  100.8  square  milea;  one-third  the 
area  of  the  Charlee  Blver  at  Mother  Brook  is  66.2  square  miles,  making  the  total  drainage  area  at  Matta- 
pan  166.5  square  mllea  whenever  one-fchird  the  water  of  Charlee  River  la  being  drawn  through  Mother 
Brook. 

Shawsheen  River. 

The  Shawsheen  River  is  formed  about  one  mile  east  of  the  village 
of  Bedford  by  the  confluence  of  several  brooks  which  rise  in  Lex- 
ington and  Lincoln,  and  flows  thence  in  a  generally  north-easterly 
direction  to  the  Merrimack  River,  just  below  the  city  of  Lawrence, 
draining  a  territory  of  75.4  square  miles.  This  territory  is  flat 
in  the  middle  portion  and  rolling  or  even  hilly  near  the  sources  and 
along  the  lower  portion  of  the  river.  The  soil  is  generally  sand  or 
gravel.  Through  the  flat  territory  the  river  is  bordered  for  a  long 
distance  by  meadows  or  swamps,  and  its  flow  is  very  sluggish. 

Above  Ballardvale,  which  is  nearly  seven  miles  by  the  river  from 
its  mouth,  there  is  little  or  no  manufacturing,  while  at  and  below 
this  place  the  river  has  considerable  fall  which  is  fully  utilized  for 
power.  There  are  few  ponds  on  the  watershed  and  its  dry  weather 
flow  is  small. 

The  portion  of  the  river  above  the  crossing  of  the  old  Middlesex 
Canal,  which  is  just  above  the  Boston  &  Lowell  Railroad,  has  been 
proposed  as  a  source  of  water  supply  for  Boston  and  cities  and 
towns  in  its  vicinity ;  but  authority  to  take  it  has  not  yet  been 
granted  by  the  Legislature. 

The  following  table  gives  statistics  of  drainage  area  and  popula- 
tion at  the  old  Middlesex  Canal  and  at  the  mouth :  — 


Distance 
above  Mouth 

Drainage 
Area. 

PopulaUon 
(1885). 

Population 
per 

Miles. 

8q.  Miles. 

Square  Mile. 

At  Old  Middlesex  Canal  erosalng,        .... 
At  Mouth,  Lawrence, 

12 
0 

34.1 
75.4 

8,310                97 
11,182               148 
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The  more  important  towns  in  the  baain  are  Andover  and  Lexing- 
ton, both  of  which  have  public  water  supplies  but  no  system  of 
sewerage.  The  former  is  situated  about  four  miles  from  the  mouth 
of  the  river  and  had  in  1885  a  population  of  5,711,  nearly  all  within 
this  basin  ;  the  latter  is  situated  at  the  head  waters  of  the  river,  and 
a  little  more  than  half  of  its  population  of  2^718  in  1885  was  within 
the  Shawsheen  drainage  area. 

Examinations  of  water  from  the  river  at  the  old  Middlesex  Canal 
were  made  monthly  from  June,  1887,  to  May,  .1889,. and  the  results 
are  given  in  the  appended  tables. 

The  water  is  characterized  by  its  dark  color  and  high  albuminoid 
ammonia,  and,  although  but  slightly  polluted  by  the  population  on 
its  watershed,  would  not  in  its  present  condition  l>e  satisfactory  for 
water  supply  purposes. 


Chemical  Examination  of  Water  from  the  Shawsheen  River  at  Wilmington. 

[Parts  per  lOlVWO.] 


Datb  Of 

Appkaraxcb. 

Rrsidck  on 

EVAPOKATtOH. 

AXXOHIA. 

i 

NiTKOOBH 
Att 

1 

j 

§1 

a- 

H 

1 

1 

• 

ii 

1 

1 

1^ 

s 

1 

» 

2S9 

IS 

Jane  30 

87. 
July    1 

None. 

None. 

0.90 

4.02 

1.22 

8.70 

.0013 

.0232 

.34 

.0060 

^ 

438 

July  29 

July  29 

Very  Blight. 

Very  slight. 

1.60 

6.95 

2.10 

4.85 

.0010 

.0440 

.33 1 

.0000 

- 

676 

Sept.  1 

Bept.  2 

None. 

None. 

1,60 

7.80 

2.75 

4.55 

.0016 

.0431 

.36' 

.0080      - 

602 

Sept.  30 

Oct.     8 

None. 

None. 

0.20 

4.00 

1.00 

8.00 

.0005 

.0119 

.38 

.0030 

- 

1067 

Oct.  28 

Oct.  29 

Veryellght. 

BUght. 

1.30 

6.00 

2.00 

4.00 

.0010 

.0260 

.48 

.0030 

- 

1303 

Dec.    1 

Dec.    2 

Slight. 

Slight. 

1.40 

7.00 

2.55 

4.45 

.0006 

.0304 

.44 

.0070 

- 

1500 

Deo.  28 

Dec.  29 

Very  alight. 

VeryaUght. 

1. 10 

6.50 

1.80 

4.70 

.0005 

.0231 

.35 

.0200 

. 

1668 

IS 

Jan.  23 

89. 

Jan.  24 

None. 

None. 

0.40 

5.20 

1.20 

4.00 

.0031 

.0189 

.29 

.0390 

.0000 

1864 

Feb.  20 

Feb.  20 

Very  alight. 

Very  alight. 

0.60 

5.50 

1.65 

8.85 

.0042 

.0342 

.41 

.0250 

.0001 

2054 

Mar.  19 

Mar.  20 

Slight. 

Very  slight. 

0.80 

4.35 

1.30 

8.05 

.0002 

.0186 

i    .44 

.0080 

.0001 

2251 

Apr.  19 

Apr.  19 

None. 

Verysllghl. 

0.90 

3.80 

1.20 

2.60 

.0000 

.0246 

.34 

.0080 

.0002 

24^9 

May  15 

May  17 

'  Distinct. 

Slight. 

2.10 

6.05 

2.60 

3.45 

.0006 

.0402 

.25 

.0050 

.oouo 

2606 

June  14 

June  15 

Verysllghl. 

Ck>n.,  rusty. 

0.80 

4.75 

1.50 

8.25 

.0036 

.0264 
.0842 

.32 

.0070 

.0001 

2826 

July  23 

July  25 

Very  slight. 

Very  slight. 

0.15 

8.65 

0.85 

3.00 

.0022 

.0164 
.0114 

.38 

1 

.0020 

.0000 

2972 

Aug.  17 

Aug.  18 

Very  slight. 

Very  slight. 

1.00 

5.50 

2.t0 

8.80 

.0000 

.0822 
.0816 

>    .32 

.0050 

.0000 

8241 

Sept  20   Sept.  22 

Very  slight. 

Sll't,  e'rthy 
and  floc't. 

0.70 

M.. 

2.80 

3.10 

.0012 

.0312 
.0296 

\ 

.0020 

.0000 
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Chemical  Examination  of  Water  from  the  Shawsheen  Biver  at  WHminglon 

—  Concluded. 


I 

jS_ 

M81 
3552 
8733 
8800 
4083 
4301 
4582 
46S3 

Av. 


Datb  of 


bI 


18SS. 
Oei.  21   Oefc.  88 


JTov.  16 


Dec  18 


IS 

Jan.  17 


Feb.  22 
Mar.  24 
Apr.  17 
May  16 


Kov.  16 


Dee.  If 


S9. 

Jan.  19 


Feb.  23 
>Car.25 
Apr.  18 
May  17 


APPEAKAWCa. 


I 


VeiysUgliL 
Veiyillght. 
Blight. 
None. 
Very  slight. 
VerysUKht. 
Very  Blight. 
BUght. 


None. 
Very  •light. 
SU't^'rtby. 
Very  slight, 
Slight. 
Veryallght. 
Slight. 
Gonsld'ble. 


1.60 
1.50 
0.00 
0.40 
0.50 
0.00 
1.10 
1.00 


0.06 


Rksiduk  ox 
evapokatjon. 


5.90 
6.M 

t.70 
3.76 
4.01 
4.40 
4.80 
4.75 


5.63 


si 
|1 


2.80 
3.00 
l.tO 
1.30 
1.85 
1.70 
1.15 
1.85 


1.78 


3.10 
3.95 
1.50 
2.46 
2.45 
2.70 
2.85 
2.90 


3.85 


«m 


0034 


.0000 


.0002 


.0188 


.0018 


.0362 
.0334 

.0500 
.0420 

.0104 
.0146 

.0152 
.0134 

.0326 
.0202 

.0270 
.0244 

.0290 


.0262 
.0226 


,0272 


NiTKOOBir 

AS 


0090 
.0050 
.0100 
.0080 
.0200 
.0070 
.0060 
.0080 


yi 


.0001 
.0002 
.0002 
.0003 
0003 
.0002 
.0002 
.0004 


.0085  1.0001 

I 


Hardness  in  May,  1888, 1.8.  Odor,  faintly  vegetable. —-  The  samples  were  collected  from  the  rlrer 
at  the  point  where  It  la  croMed  by  the  old  Klddieeex  Canal,  between  the  towns  of  Wilmington  and 
Btllerioa. 


Microscopical  Examination, 


1888.                              1 

1889. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nor. 

Dec. 

Jan. 

Feb.'jtor. 

1 

Apr. 

May. 

1.  Bine  green  Algae,  .... 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0     0.0 

2.  Other  AlgflB 

2.2 

8.0 

0.8 

0.4 

0.2 

0.8 

1.6 

1.0 

0.1 

0.4 

0.8 

0.8 

8.  Fongi, 

3.0 

10.0 

2.1 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0  i 

4.  Animal  Forms 

pr. 

0.0 

pr. 

8.0 

0.0 

0.5 

0.2 

0.1 

0.0 

pr. 

0.0 

0.0 

Groape  and  principal  genera  of  organisms  observed:  2.  PalmellaoesB;  Zoosi>oreflB:  Desmidlaceas ; 
DlatomacesB,  Diatoma,  Synedrat  Tabellaria;  Zygnemacees.  3.  Bchlzomycetos,  OrenothriXt  Leptothrix. 
4.  Protozoa,  Hifdromorum;  Bpoeglaria;  Rotlfera;  Bntomofltraca. 
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Stony  Brook  (Boston). 

This  small  stream  was  selected  for  examination  because  of  the  very 
large  population  upon  its  drainage  area  and  because  the  attempt  is 
made  to  prevent  its  pollution.  It  rises  in  Muddy  Pond,  in  a  very 
sparsely  settled  section  of  the  suburbs  of  Boston,  and  flows  thence 
through  a  populated  portion  of  the  town  of  Hyde  Park  into  the  West 
Roxbury  District  of  Boston.  In  the  lower  portion  of  West  Roxbury 
and  in  Roxbury  it  flows  in  a  walled  channel  through  a  thickly  popu- 
lated territory  down  to  the  head  of  a  conduit  recently  built  to  carry 
its  flood  waters.  At  this  point,  and  at  two  points  farther  up  stream, 
samples  of  water  were  collected  monthly  for  analysis  from  February 
to  May,  1889.  An  intercepting  sewer  to  carry  the  dry  weather  flow 
of  sewage  and  a  portion  of  the  rain  water  runs  nearly  parallel  with 
the  brook,  and  is  provided  with  overflows  to  dischai^e  into  it  the 
surplus  water  during  heavy  rains. 

Statistics  regarding  the  drainage  area,  and  the  number  of  houses 
connected  with  the  sewers  above  the  three  points  where  samples 
were  collected,  are  given  in  the  following  table  :  — 


Drainage 
Area. 

Sq.  Miles. 


Estimated 

Population 

(1888;, 


Popula- 

tiun 

per  Square 

Mile. 


Number 

of 
Houses. 


Number  of 
Houses  con- 
nected 
with  ttewers. 


Per  Cent,  of 

Houses 

oonneclrd 

with  jiewert. 


West  Roxbury,  Just  above  Neponaet 
Avenae, 


West  Roxbury,  below  Forest  Hills 
Station, 


Roxbury,  at  head  of  new  conduit, 


6^9 


0.681 
12.727 


8,700 

14,500 
35,000 


1,664 

1,506 
2.760 


1,3B9 

2,290 
6,406 


540 

734 
2,975 


32 
65 


The  brook  was  low  for  the  season  of  the  year  when  the  samples 
were  collected,  but  not  as  low  as  during  a  dry  time  in  summer. 

The  analyses  given  below  show  that  at  all  of  the  stations  the 
amount  of  chlorine  and  nitrates  are  above  the  normal,  indicating  that 
filtered  sewage  reaches  the  brook.  The^amount  of  ammonia  found 
at  the  upper  stations  is  so  small  that  it  is  evident  that  very  little 
sewage  enters  this  portion  of  the  stream  directly.  The  larger 
amount  at  the  lowest  station  shows  that  some  sewage  enters  the 
lower  portion,  but  the  amount  is  small  considering  the  density  of 
the  population. 
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Chemical  ExamincUion  of  Water  from  Stony  Brook  cU  ML  Hope  Station^  West 

Boxbury, 

[Partfl  per  100,000.] 


Datb  op 


aa 


Aptkabaxcb. 


KKSIDUK  OS 
EVAPORATIOX. 


g| 


4130 
4408 
4554 

4841 


l8  89. 

Feb.  27  I  Feb.  27 


Mar.  27 
Apr.  23 
&£ay  11 


At.  I. 


Mar.S7 
Apr.  2S 
May  11 


Veryslighi. 
Very  Blight. 
VerysUght. 
Slight. 


VerysUght. 
VerysUght. 
VerysUght. 
Consld'ble. 


0.90 
0.40 
0.80 
0.90 


7.  to 
6.20 
«.95 
7.15 


t.25 
1.85 
t.45 
2.70 


0.57 


6.87 


2.26 


4.86 
4.55 
4.50 
4.46 


.0080 


,0024 


0060 


0186 
0114 

0202 
0154 

.0288 
.0248 

.0410 
0340 


1100 


0250 
0450 


4.61 


0259 
0214 


.80 


0030 


.0004 

.0004 
.0003 
.0004 

.0004 


Hardness  of  4139, 2.7.    Odor,  geoerally  none,  onoe  mouldy. The  samples  were  eoUeoted*  from 

Btony  Brook  at  Neponset  Avenue. 


Microscopical  Examination. 

1889. 

Feb. 

Mar. 

Apr. 

May. 

1.  BlnO'green  Algas, 

0.0 

0.0 
0.2 
0.0 
0.0 

0.0 
1.1 
0.0 
pr. 

0.0 

2.  Other  AlgflB,      . 
8.  Fangi,                . 

0.2 
0.0 

2.7 
0.0 

4.  Animal  Forms, 

pr. 

0.2 

Groapsand  principal  genera  of  oi^anisms  observed :    2.  PalmeUaoes;  Zoosporeea;  DesmldlacesB ; 
IMatomacen,  Si/nedra,    4.  Protozoa;  Sponglaria. 


Chemical  Examination  of  Water  from  Stony  Brook  at  Forest  Eills  Station, 

West  Boxbury, 

[Parts  per  100,000.] 


Dxn  o* 

Appbasancji. 

Kbsiduk  ok 
evaporatiok. 

Amxohia. 

1 
1 

NITBOOKN 
AS 

1 

j 

H 

1 

1 

1 

^ 

1 

|i 

1 

S 

18  89. 

4140 

Feb.  27 

Feb.  27 

VerysUght. 

VerysUght. 

0.10 

.0050 

.0124 

.86 

.1400 

.0003 

7.35  2.85 

5.0O 

.0088 

1 

44W 

Mar.  27 

Mar.  27 

VerysUght. 

VerysUght.  0.20 

1 

.0016 

.0178 

.77 

.0720 

.0004 

6.35  1.85     4.50 

.0186 

l_ 
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Chemical  Examination  of  Water  from  Stony  Brook  at  Foreat  Hitts  Station, 
West  Bmebury — Concluded. 


Date  of 

Appbakakcb. 

Rbmduk  om 

EVAPOHATIOM. 

Amuohia. 

i 

1 

s 

NiiiMtmi 

AS 

^ 

i 

f 

J 
1 

1 

1 

ii 

•* 

1 

is 

1 

S 

4555 
4642 

Apr.  23 
May  11 

Apr.  23 
May  11 

Slight. 
SUghB. 

Slight. 

OoD.,e'rthy 
and  floo't. 

0.60 
0.70 

7.20 
7.50 

2.5S 

2.80 

4.65 
4.70 

.0030 
.0080 

.0044 

.0270 
.0234 

.0362 
.0898 

.0233 
.0198 

.78 

- 

.0100 

.0004 

.0010 

Av. 

0.40 

7.10 

2.39 

4.71 

.0730 

.0006 



Hardness  of  4140,  2.8.    Odor,  faintly  mouldy. —» The  samples  were  colleeted  from  the  brook 
between  Washington  and  Morton  Streets. 

Microscopical  Examtnation. 


ism. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blne-green  Alg», 

2.  Other  Algas, 

0.0 
0.3 

0.0 
0.4 
0.0 
pr. 

0.0 
2.1 
0.0 
pr. 

0.0 
1.1 

3.  Fangi, 

4.  Animal  Forms, 

6.0 

pr- 

0.0 
0.0 

Groups  and  principal  genera  of  organisms  observed :    2.  PalmellaoesB;  Desmidiaceas;  DlatomacesB, 
Fmffillaria.    4.  Protozoa. 


Chemical  ExamiruUion  of  Water  from  Stony  Brook  at  Inlet  to  New  Conduit, 

Eoxbury, 

[Parts  per  100,000  ] 


Date  op 


§ 


Appbabancb. 


RksiAitb  or 
evaporatiov. 


Ammonia. 


KiTBooBar 


5 

s 


4141 
4410 
4556 
4613 

Av. 


191 

Feb.  27 

Mar.  27 
Apr.  23 
May  11 


Feb.  27 
Mar.  27 
Apr.  23 
May  11 


SUght. 
Blight. 
VeiysUght. 
Slight. 


Consid*bIe. 

Slight. 

Slight. 


0.10 
0.30 
0.70 


Oon.,e'rthy  0.60 
and  floc'i., 


11.25 
8.55 
8.85 

9.40 


3.55 
2.10 
2.55 
3.05 


7.70 
8.45 

8.30 
8.35 


.0198 
.0144 
.0134 
.0174 


.0168 
.0142 

.0210 
.0188 

.0266 
.0242 


1.26 
0.07 
0.04 
0.03 


.8500 
.0130 


.0006 


0.42 


8.51 


2.81 


8.70 


.0103 


,0250  ,1.02 
,0218 


0017 


.Qooe 


Hardness  of  4141,  4.8.    Odor,  mouldy  and  disagreeable. The  samples  were  collected  at  the  inl«t 

to  the  new  conduit  Just  above  Rozbury  Station. 

/GooQle 
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18A9. 


Feb.  Mar. 


Apr.  M»y. 


1.  Blne-greea  AlgtB, 
S.  Other  Alg»,      . 
S.  Fungi, 
4.  Animal  Forms, 


0.0 
0.8 
0.0 
0.0 


0.0 
pr. 
0.0 
0.0 


0.0 
0.3 
0.0 
0.0 


0.0 
6.0 
0.0 
0.0 


Oroaps  and  principal  genera  of  organisms  obcerred :    2.  Desmldlacen;  Dlatomaceas,  Synedra, 


Taunton  River. 

The  Taunton  River  basin  occupies  the  larger  part  of  the  south- 
eastern portion  of  the  State.  The  river  is  formed  by  the  confluence 
of  the  Town  and  Matfield  rivers,  about  two  miles  east  of  thq  village 
of  Bridgewateyr,  and  flows  thence  in  a  circuitous  course,  to  Mount 
Hope  Bay  at  Fall  River,  its  general  direction  being  a  little  west  of 
south.  The  lower  portion,  from  East  Taunton  to  the  mouth,  a  dis- 
tance of  20  miles,  is  affected  by  the  tides. 

The  watershed  of  the  Taunton  River  is  for  the  most  part  remark- 
ably flat  and  contains  no  important  elevations,  the  highest  points 
being  at  the  divide  between  it  and  the  Neponset.  It  is,  as  a  whole, 
well  wooded.  On  the  upland  pine  trees  are  the  most  abundant, 
while  in  the  swamps  a  heavy  growth  of  cedar  is  frequently  found. 
The  swamps  are  numerous,  and  in  some  cases  very  extensive,  so 
that  they  give  the  water  a  deep  brown  color.  There  are  many 
ponds  and  reservoirs  on  the  watershed,  a  few  of  them  being  very 
large,  and  they  serve  to  increase  the  dry  weather  flow,  particularly 
in  the  Nemasket  River  and  in  the  main  river  below  it. 

The  amount  of  manufacturing  in  the  basin  is  large,  but  more  of  it 
is  done  by  steam  than  by  water  power.  The  principal  manufactures 
are  boots  and  shoes  and  metallic  and  cotton  goods ;  consequently 
the  amount  of  manufacturing  sewage  turned  into  the  streams  is  not 
very  large.  Most  of  the  water  power  is  upon  the  tributaries,  as 
there  are  but  two  falls  on  the  main  river,  one  at  East  Taunton  and 
the  other  fifteen  miles  up  stream  at  Paper  Mill  Village,  Bridge  water. 
The  mill  pond  formed  by  the  lower  dam  extends  nearly  to  the  upper 
one. 

The  Taunton  River  basin  was  examined  by  the  State  Board  of 
Health  in  1875  with  reference  to  the  pollution  of  the  streams,  and 
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the  results  are  published  in  the  seventh  annual  report  of  the  Board, 
pp.  123-142.  The  most  important  factories  at  that  time  were  cotton 
mills  and  metal  works. 

In  the  basin,  as  a  whole,  the  population  is  not  very  large ;  but, 
as  many  of  the  larger  communities  are  on  the  tributaries,  there  are 
some  streams  which  receive  the  drainage  from  a  dense  population, 
and  are  therefore  considerably  polluted.  The  principal  cities  and 
towns,  including  all  which  have  public  water  supplies,  together 
with  their  populations  and  the  streams  into  which  they  drain,  are 
given  in  the  following  table  :  — 


CITY  OR  TOWN. 


POPULATIOS. 


1S80. 


1983. 


Stream  rec«lvfng  Piinctpal 
Portion  of  Drainage. 


Taunton,    . 
Brockton,  .       . 
Middleborongh, 
BaatOQ,      • 
Bridgewater,     . 
Abington,  . 
Whitman,  . 
Manafiald, . 
East  Bridgewater, 
Totals, 


21,218 
13,608 
5,237 
8,902 
3,020 
8,697 
8,024 
2,765 
2,710 


69,776 


23,674 
20,783 
5,163 
8,948 
8,82T 


8,595 
2,989 
2,812 


70,440 


Mill  River. 

Sallsbary  Plain  Riyer. 
Nemasket  River. 
Qaeset  River.* 
Town  River. 
Shamatascaeant  River. 
Shamatascacant  River. 
Three  Mile  River. 
Matlield  River. 


The  streams  most  affected  by  sewage  are  the  Salisbury  Plain 
River,  just  below  Brockton,  the  Mill  River  in  Taunton,  and  the 
Shumatuscacant,  one  of  the  tributaries  of  the  Satucket,  below 
Whitman. 

Monthly  examinations  of  water  from  the  Taunton  River  at  three 
places,  and  from  its  principal  tributary,  the  Nemasket  River,  at 
two  places,  were  made  from  June,  1887,  to  May,  1880,  inclusive, 
and  the  results  are  given  in  appended  tables.  Occasional  examina- 
tions were  also  made  of  water  from  many  of  the  other  tributaries. 
Records  of  the  flow  of  the  river  at  the  Old  Colony  Iron  Works  at 
East  Taunton  were  kept  most  of  the  time  from  October,  1887,  to 
December,  1888  ;  but  the  results  vary  so  much  from  those  obtained 
at  other  streams  that  iihey  are  not  published.  A  careful  measure- 
ment of  the  flow  of  the  Nemasket  at  its  mouth  and  of  the  main  river 
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just  below  it,  made  on  July  25,  1888,  when  the  volume  flowing 
was  as  small  as  at  any  time  during  the  year,  gave  the  following 
results:  — 


Total  Flow. 

Flow  per 
rtquare  Milo. 

Co.  ft.  per  tec. 

Cq.  ft,  per  iec. 

Tannton  River,  below  the  Nemasket, . 

Kemaaket  River,  at  month, 

138.6 
56.3 
82.3 

0.78 

TanQton  River,  above  the  Nemasket 

0.45 

The  principal  tributaries  will  now  be  briefly  described  in  their 
order  going  up  stream. 

The  Three  Mile  River  enters  the  Taunton  from  the  noitli- 
west  10.5  miles  above  its  mouth.  It  receives  the  drainage  from 
Foxborough,  Mansfield  and  a  small  part  of  the  city  of  Taunton. 
Its  waters  have  not  been  examined. 

The  Mill  River  flows  through  the  city  of  Taunton  and  enters  the 
main  river  fourteen  miles  above  its  mouth,  draining  an  area  of  about 
forty-seven  square  miles.  There  are  several  important  mills  on  the 
stream  at  Taunton,  and  it  receives  much  sewage  from  the  city  sewers 
and  considerable  drainage  from  the  gas  works.  In  dry  weather  the 
flow  of  the  stream  is  small,  and  its  waters  are  much  polluted.  It  is 
proposed  to  build  a  system  of  sewers  to  carry  the  sewage  to  the 
main  river  below  the  city. 

The  Nemasket  River  enters  the  Taunton  twenty-nine  miles  above 
its  mouth,  near  the  State  Farm  at  Bridgewater.  This  stream  diflers 
from  all  of  the  others  in  that  it  has  at  its  source  several  great  ponds 
or  lakes,  which  give  it  a  larger  summer  flow  and  supply  it  with 
water  having  less  color.  The  areas  of  these  ponds,  as  measured 
from  the  new  State  map,  are  as  follows  :  — 

Assawompsett  Fond, 2,691  acres. 

LoDg  Pond, 1,685  acres. 

Great  Quittacas  Pond, 1,127  acres. 

Elder's  Pond, 149  acres. 

Total, 5,652  acres. 
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These  ponds  can  be  drawn  down  but  two  or  three  feet,  but  their 
area  is  so  great  that  this  furnishes  a  lai^  amount  of  water  for  main- 
taining the  summer  flow  of  the  river.  The  town  of  Middleborough 
is  located  on  the  Nemasket  River,  about  midway  between  Assa- 
wompsett  Pond  and  its  mouth.  The  total  length  of  the  river,  fol- 
lowing its  course,  is  about  nine  miles.  Considerable  sewage  U 
discharged  into  the  stream  from  the  village  of  Middleborough,  and 
much  polluting  matter  from  the  woolen  mill  in  the  town. 

The  Winetuxet  River  joins  the  Taunton  about  four  miles,  by 
river,  above  the  Nemasket.  It  receives  but  little  artificial  pollu- 
tion, but  large  areas  of  swamp  drain  into  it  and  affect  the  character 
of  the  water. 

The  Matfield  River  enters  the  head  of  the  Taunton  and  drains  an 
area  of  77.1  square  miles,  with  a  total  population  of  32,834,  equal 
to  426  per  square  mile.  Most  of  the  population  is  on  its  two  prin- 
cipal affluents,  namely,  in  Brockton  on  the  Salisbury  Plain  River  and 
in  Abington  and  Whitman  on  the  head  waters  of  the  Satucket.  The 
waters  of  both  of  these  streams  have  been  examined,  as  have  also 
those  of  Beaver  and  Meadow  brooks.  None  of  the  streams  present 
any  special  features  except  with  regard  to  the  population  on  their 
drainage  areas,  the  amount  of  which  is  indicated  in  the  table  on  the 
following  page. 

The  Town  River  naturally  receives  the  drainage  of  Easton, 
West  Bridgewater  and  Bridgewater.  The  population  per  square 
mile,  however,  is  much  less  than  that  upon  the  drainage  area  of 
the  Matfield.  The  water  supply  for  Bridgewater  and  East  Bridge- 
water  is  obtained  from  wells  located  on  the  bank  of  the  river  in  the 
former  town. 

The  Taunton  River  is  used  as  a  source  of  water  supply  for  the 
State  Farm  at  Bridgewater  and  for  the  city  of  Taunton.  At  the 
former  place  the  water  is  taken  directly  from  the  river ;  at  the  latter 
it  is  taken  in  this  way  only  when  the  supply  from  the  filter  basin  is 
insufficient. 

The  following  table  gives  statistics  regarding  the  drainage  areas 
and  population  at  different  points  on  the  river  and  its  tributaries  :  — 
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Dlstanc* 
above 

Mouth  of 
Ktver, 

Miles. 


Drainage 
Area. 


Sq.  Mllei. 


Popnlatlon 
(1888) 


Population 

p.T 
Sq.  Mile. 


BalUbnry  Plain  Rtver,  below  Brockton,  near  line  between 
Brockton  and  West  Bridgewatur, 


Saliabary  Plain  Blver,  at  month, 

Beaver  Brook,  at  month, 

Meadow  Brook,  at  month 

Bhnmataacaeant  River,  one  mile  below  Whitman,  . 

Satnoket  River,  at  month 

Matfleld  River,  at  month, 

Town  River,  at  month 

Taunton  River,  at  Ita  head 

Winetnzet  Rtvei*,  at  month 

TanntOQ  River,  Jnat  above  the  month  of  the  Nemaaket  River, 

Nemaaket  Rlrer,  at  well  of  Middleborongh  Water  Worka,    . 

Nemaaket  River,  at  moatb, 

Taunton  River,  Juat  below  the  mouth  of  the  Nemaaket, 

Taunton  River,  at  Old  Colony  Iron  Worka,  E.  Taunton, 

Tannton  River,  opposite  Filter  Baain  of  Taunton  Water 
Worka, 


42.7 
40.1 
40.1 
89.6 
47.2 
37.5 
8«.0 
36.0 
M.O 
S2.7 
29.0 
86.0 
20.0 
20.0 
20.4 


MiU  River,  at  month 

Tannton  River,  at  proposed  outlet  of  Taunton  sewerage  sya- 
tern,  about  one  mile  below  Weir  Village,  Tannton, 

Taunton  River,  at  mouth  (Railroad  Bridge  at  BowenviUe, 
FaU  River), 


15.9 
14.3 


11.8 
0.0 


16.0 

20.6 

0.9 

6.4 

9.7 

86.5 

77.1 

60.1 

187.2 
88.6 

184.0 
60.9 
72.2 

256.2 

289.1 

812.4 
47.0 

864.2 

626.2 


21,006 

21,418 
1,072 
1,460 
6,985 
7,860 

82,834 
8,741 

41,576 
1,646 

48,614 
1,877 
4,281 

47,846 

61,043 


1,313 

1,046 

108 

228 

617 

216 

426 

145 

803 

43 

237 

81 

59 

187 

106 


Owing  to  the  character  and  great  area  of  the  swamps  on  the 
watershed,  the  water  of  the  Taunton  River  has  a  deeper  color  than 
that  of  any  other  large  river  in  the  State. 

Taking  the  valley  as  a  whole,  it  may  be  said  that  the  pollution 
from  manufacturing  is  much  less  than  that  from  domestic  sewage. 

A  comparison  of  the  analyses  of  the  Nemasket  River  water,  above 
and  below  Middleborongh,  shows  the  effect  of  the  polluting  matters 
discharged  into  the  stream,  although  the  difference  between  the  two 
analyses  is  not  great. 

The  water  of  the  Nemasket  contains  less  organic  matter  of  vege- 
table origin  and  is  less  polluted  than  that  of  the  main  river  into  which 
it  discharges,  consequently  the  water  in  the  main  river  is  of  better 
quality  below  the  junction  than  above  it. 
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The  analysis  of  the  river  water  at  the  Taunton  Water  Works  is 
substantially  the  same  as  at  a  point  just  below  the  Nemasket,  and, 
notwithstanding  the  high  flow  of  the  river  during  the  two  years 
covered  by  the  investigations,  shows  to  some  extent  the  effect  of 
the  population  upon  the  draii^age  area  above. 

In  addition  to  the  waters  whose  analyses  are  given  in  the  ap- 
pended tables,  others  in  the  basin  have  been  examined  and  the 
results  are  given  in  the  preceding  portion  of  this  report  as  fol- 
lows :  — 

Brockton,  Salisbury  Brook, page    74 

Brockton,  Salisbury  Brook  Reservoir,       .        .        .         pages  74-76 

Brockton,  Center  Street  Drain, page    78 

Brockton,  Factory  Pond, page    78 

Lakeville,  Assawompsett  Fond,         .        .                a        .  page  172 

Lakeville,  Elder's  Fond, page  173 

Whitman,  Hobart's  Fond, page  3G0 


Chemical  Examination  of  Water  from  the  Salisbury  Plain  River  below  Brockton. 

[Parts  per  100,000.] 


Date  of 

APPSARA.KCB.                     1 

Hesiddx  oh 

EVAPORATIUM. 

AXXONIA. 

KlT«00t3l 
AS 

1 

a 
"A 

1 

§1 

H 

1 

«J 

1 

1 

1 

i 

i! 

1 

1 

ti 

W'ST. 

1 

1049 

Oct.  26 'Oct.  26 

Decided. 

Much. 

1.80 

10.60 

2.90 

7.70 

■0820 

.0150 

1.21 

.0700 

• 

9.40  2.60 

6.88 

1 

18  SS. 

2821 

Jaly  23 

July  24 

SUght. 

CoDsid*ble. 

0.35 

8.80 

1.75 

7.05 

.0096 

.0218 
.0192 

1.46' 

.0900 

.0015 

8260 

Sept.2fi 

Sept.  26 

Slight. 

Slight. 

1.20 

7.65 

2.45 

».« 

.0166 
.0194 

.0260 
.0250 

.0209 

0.95, 

1 

.0500 

.0015 

Av. 

0.95 

6.35 

1.21 

.0727  -OOIS 

8.62 

2.27 

Odor,  faintly  vegetable  or  mouldy. Sample  No.  1049  was  collected  from  river  at  Somroer  Street. 

No8.  2824  and  3260  were  collected  from  river  at  "  Cart  Bridge  Road/'  o/sar  the  boundary  between 
Prookton  and  West  Brldgewater. 


Microscopical  Examination. 

July,  1888.    1.  Blue-green  algie,  pr.;  2.  Other  alges,  l..**;  3.  Fungi,  0.0;  4.  Animal  forms,  0.1. 
September,  1888.    1.  Blue-green  algao,  0.0;  2.  Other  algao,  pr.;  3.  Fungi,  0.0;  4.  Animal  forms,  0.1. 
Groups  and  principal  genera  of  organisms  observed:   1.  Cyanophyeen.    2.  Zoosporon;  Desmidl- 
acen;  Dlatomaecn.    3.  Protozoa;  Spongiaria. 
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CftemtcoZ  ExaimiruUion  of  Water  from  the  Salisbury  Plain  River  just  above  its 
Confluence  with  Beaver  Brook  at  East  Bridge/water, 

[Parts  per  100,000.] 


Datb  of 


.1 


APFSABAJrCB. 


I 


RUIDDK  OW 
EVAPOEATIOH. 


1^ 


NiTROOBV 
A8 


2685 
2843 
8006 


18 

Jane  10 


July  24 
Aug.  21 


Jane  20 
Jnly  26 
AQg.22 


At. 


BUght. 
Very  alight. 
Slight. 


SUght. 
SUght. 
811*t,  maty, 


1.40 
0.80 
0.60 


0.77 


7.50 
8.80 
8.80 


2.85 
2.10 
1.86 


5.15 
8.70 
6.85 


8.80 


2.18 


6.07 


0112 


.0084 


0038 


,0278 
.0846 

.0216 
.0184 

.0236 
.0224 


.0078 


.0243 
.0210 


0.95 
1.88 
1.02 


,0800 
0760 
0250 


1.12 


0600 


.0012 
.0007 
.0012 

.0010 


Odor,  faintly  ▼egeUble  or  monldy. The  aamplea  were  ooUeoted  from  the  river  at  the  flrat  bridge 

above  iu  eonflnenee  with  Beayer  Brook. 


Microscopical  Examination. 


1S8S. 

i 

June. 

July. 

Aug. 

1.  Blue-green  Algn, 

2.  Other  Al«a. 

0.0 
6.2 

0.0 
0.6 
0.5 
0.0 

pr. 
1.0 

8.  Fungi, 

4.  Animal  Forma, \       .       . 

3.0 
0.2 

0.0 
pr. 

Groupa  and  principal  genera  of  organlama  obaerved:    1.  Cyanophyoen.     2.  Palmellacese ;  Zoo> 
epores;  Deamldiaco»;  DlatomacecB,  Siftudra.    3.  BchlzomycetM,  Z^to^Arfo.    4.  Protozoa. 


Chemical  Examination  of  Water  from  Beaver  Brook  Just  above  its  Confluence 
with  the  Salisbury  Plain  River  at  East  Bridgewater, 

[Tarta  per  100,000.] 


Datb  or 


il 


APrSAKAHCB. 


KsaiDUB  OW 
Evaporation. 


J- 


AjacoHiA. 


NiTKoozir 

AS 


2634 
2844 
3007 


18 

June  10 


July  21 
Aug.  21 


88. 

June  20 


July  26 
Aug.  22 


VeryaUght 

SlighU 

SUght. 


VeryaUght. 
Con.fbrown. 
Sirt,  maty. 


2.50 
1.20 
1.10 


5.80  2.88 

! 

7.85  2.75 


I 


5.15 


Av.  '. 


1.60 


2.45 


6.13  2.67 


2.50 
5.20 
2,70 


0020 


.0010 


8.46 


.0019 


,0418 
,0850 

,0436 
,0884 


.0822 


,0405 
,0852 


.37 


.0080 
.0060 
.0030 

.0067 


,0000 
0002 
0002 

0001 


Odor,  faintly  vegetable. The  samples  were  collected  from  the  brook  at  the  first  bridge  above  its 

eonflacnoe  with  the  SaUsbury  Plain  River. 
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MicroscoptccU  Examination. 


[Dec; 


Jane. 


July. 


Aug. 


1.  Blue-green  AIgn, 

2.  Other  AJgae, 
d.  Fungi,  . 

4.  Animal  Formi,  . 


0.0 
0.2 
0.6 
pr. 


0.0 
0.5 
2.0 
1.8 


0.0 
O.T 
0.6 
O.T 


Qroupe  and  principal  genera  of  organisms  observed :  2.  Palmellaeen;  Zoosporeas;  Desmidiaceo; 
Diatomacete;  Zygnemacece.  8.  SchlEomyoetea,  Orenoihrix,  4.  Protozoa,  Ftridlnium ;  dponglaria; 
Nematode ;  Botifera;  Bntomostraoa. 


Chemical  Examination  of  Water  from  Meadow  Brook  at  East  Bridgewater. 

[Parts  per  100,000.] 


Datb  or 

Appkabamcb. 

Rrsidub  oh 

EVAFORATIOH. 

6 

NiTBOGBK 
▲8 

1 

i 

H 

1 

1 

I 

§1 

1^ 

1 

i 

< 

1 

1 

5 

2845 
8000 

18 

July  24 

Aug.  21 

July  26 
Aug.  22 

Slight. 
Distinct. 

Consid'ble, 
brown. 

Consid'ble. 
rusty. 

1.70 
2.60 

7.75 
6.85 

2.25 
8.00 

5.50 
8.85 

.0046 
|.00U 

.0422 
.0272 

.0678 
.0478 

.02 
.52 

.57 

.0190 
.0030 

.0004 

.0002 

At 

2.10 

7.80 

2.68 

4.67 

.0030 

.0500 
.0375 

.0110 

.0003 

Odor,  vegetable  or  mouldy. The  samples  were  ooUeoted  from  the  brook,  Just  above  iu  ooo- 

fluenoe  with  the  Matfield  Kiver. 


Microscopical  Examination. 

July,  1888.    1.  Blue-green  algs,  1.2;  2.  Other  algao,  5.7;  8.  Fungi,  2.0;  4.  Animal  forms,  0w4. 

August,  1888.    1.  Blue-green  algas,  0.0;  2.  Other  algae,  4.0;  8.  Fungi,  8.0;  4.  Animal  forms,  11.2. 

Groups  acd  principal  genera  of  organisms  observed :  1.  Cyanophyoen,  OicUlaria,  2.  Palmellace«; 
Zoospores),  Scenedetmua ;  DesmidlaceaB ;  Dlatomaee»,  MeloHra,  Synedra.  3.  Schizomyoetes,  Oftno- 
thrix,    4.  ProiozoA,  IHnobrifon,  Peridinium I  Tr<ichetomofia9  ;  Rotlfera;  Bntomostraoa. 


Digitized  by 


^ 


Google 


1889.] 


WATER  SUPPLY  AND  SEWERAGE. 


501 


Chemical  Examinatlbn  of  Water  from  the  Batucket  Biver  at  East  Bridgewater, 

CPut*  pw  100,000  ] 


Appbaiavob. 


Bbsiduk  oh 
Btaposatioh. 


NITBOOBH 


ISM. 

JiiiMl9  Jane  20 


2846 
SOlO 


Jal7  24 
Aug.  21 


At. 


Jnly  28 
Aag.22 


Veryillgfat, 

None. 

VeryiUglit. 


VeiyaUghi. 
VeryBllght. 
VeryiUglit. 


8.M 
2.60 
1.70 


6.80 
6.05 
5.60 


3.66 
2.05 

2.S0 


2.75 
8.00 
8.20 


.0046 
.0036 
.0034 


.0876 


,0820 

.0288 
,0268 


.0080 
.0060 
.0060 


0001 
.0008 

.0002 


2.67 


6.92 


2.98 


2.99 


,0060 


,0807 


0002 


bfldge 


Odor,  faintly  TegeUble  or  mouldy. The  aamplea  were  collected  flrom 

Ige  BbOTe  Urn  eonflaeaoe  with  the  Metfleld  Blyer. 


the  river  below  the  flrat 


MicrascopiccU  Examination. 

ISM. 

Jane. 

July. 

Aug. 

1.  Blne-green  Alg», 

2.  Other  Alga, 

«.Fangl. 

4i  AniniBl  T^omBf  ••.»*trt-.-t 

0.0 
0.3 
0.1 
0.0 

0.0 
0.3 
0.6 
pr. 

0.1 
0.4 
0.0 
pr. 

Oroops  and  principal  genera  of  orsanlBmi  obterred:    1.  Cyanophyoen.    2.  Palmellaoen;  Zoo. 
■pores;  biatonoacen;  Zygnemaceis.    8.  Bchlxomyoetee.    4.  Protozoa;  Sponglaria;  Entomoitraca. 


Chemical  Examination  of  Water  from  the  Town  Biver  at  Bridgewater. 

[Partf  per  100,000.] 


5 


ii 


Appbababcb. 


1 


Rbbidub  OB 

EVAPOBATIOB. 


ii 


3638 

2847 
8011 


18  S 


Jane  10 
Jaly24 
Aag.21 


At. 


Jaae20 
July  28 
Ang.22 


Slight. 

DlBtinet. 

SUght. 


8Ught. 

Oondd'ble. 

Slight. 


3.20 
1.30 
0.80 


1.77 


6.40 
9.80 
4.86 


8.46 
2.20 
1.70 


2.96 

7.10 
8.15 


,0016 
0008 


.0452 
.0400 

.08r-2 
.0262 

.0264 
0224 


.87 


.42 


.0100 
0150 
0020 


.0001 
.0008 
,0004 


6.86 


2.46 


4.40 


0010  .0860 
1.0292 


.42 


.0000 


.0003 


Odor,  faintly  vegetable. The  namples  were  collected  from  the  river  at  the  bridge  abont  half  a 

mile  below  the  well*  of  the  Bridgewatera  Water  Ck»mpany,  and  Just  above  ita  eonflaenoe  with  the  Mat- 
field  Biver. 
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Microscopical  Examination, 


188S. 


June.  Jaljr.  Aug. 


1.  Blue-green  AlgsB, 
8.  Other  Alg», 
8.  FuBgi,  . 
4.  Animal  Forms,  . 


0.0 


pr. 
0.8 
pr. 


pr. 
0.0 
20.0 


0.0 
O.S 
0.0 
0.1 


Oroapa  and  principal  genera  of  organlame  observed :  1.  Oyanopbyceao.  2.  PalmelUcen ;  Zoospores ; 
Desmldlaceflo;  Dlatomacen.    3.  Bcblzomyoetes,  Ortnothrix.   4.  Protozoa;  Sponglarla. 


Chemical  Examination  of  Water  from  Winetuxet  River  at  Halifax^  jmt  above  Us 
Confluence  with  the  Taunton  River. 

[Parts  per  100,000.] 


Datb  o» 

Appbakjlkcb. 

Rbsidub  oh 

EVAPOBATIOH. 

i 
1 

KiTKOOBH 
▲S 

1 

i 

& 

f 

1 

1 

1 

1^ 

ij 

2 

A 

< 

1 

5 

2636 
2848 

IS 

June  10 

July  24 

8S. 

June  20 

July  26 

Sllgbt. 
VerysUght. 

SUgbt. 
Consld*ble. 

8.8 
2.3 

6.70 
6.60 

8.45 
2.88 

8.25 
8.75 

.0026 
.0038 

.0348 
.0286 

.0420 
.0868 

.60 
.46 

.0060 
.0120 

1 

.0001 
.0003 

At. 

2.8 

6.88 

8.15 

3.5. 

.0082 

.0384 
.0882 

.48 

.0100 

1 

.0003 

Odor,  faintly  vegetable. The  samples  were  collected  from  the  river  at  the  first  bridge  above  Its 

confluence  with  the  Taunton  River. 


Microscopical  Examination. 

JvLne,  1888.    1.  Blue-green  alg»,  0.0;  2.  Other  algas,  0.6;  8.  Fungi,  pr.;  4.  Animal  forma,  0.1. 
July,  1888.    1.  Blue-green  algse,  pr.;  2.  Other  alg»,  4.0;  3.  Fungi,  0^;  4.  Animal  forms,  0.4. 
Groups  and  principal  genera  of  organisms  observed:    1.  CyanophyoesB.    2.  PalmeUaees ;  Desmid- 
iace»;  Dlatomacen,  Synedra,    8.  Schlzomyeetes.    4.  Protozoa;  Spongiaria. 
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Chemical  Examtnation  of  Water  from  the  Nemaikei  River  above  MiddUborough. 

CrarU  per  IOO,0(n.] 


Date  ov 

ArPBAXAKCB. 

RicaiocB  OH 
Evaporation. 

AMMOVIA. 

« 

NiTHOOiur 

AS 

1 

j 

^ 

f 

1 

1 

1 

§1 

1 

1 

jl 

1 

2 

95 

18 

June  14 

87. 

June  15 

Very  alight. 

Sll%brown. 

0.00 

3.47 

2.05 

1.42 

.0005 

.0200 

.49 

1 

.0000 

^ 

808 

July  11 

July  12 

None. 

None. 

0.70 

8.00 

1.80 

2.30 

.0005 

.0214 

.89 

.0000 

- 

628 

Aug.  11 

Aug.  12 

None. 

None. 

0.85 

8.10 

1.30 

1.80 

.0002 

.0170 

.48 

.0000 

- 

740 

Sept.  12 

Sept.  13 

Slight. 

Slight. 

0.20 

8.27 

1.05 

2.22 

.0001 

.0184 

.47; 

.0000 

- 

OSoloet.  12 

Oct.  13 

Very  Blight. 

Veryalight. 

0.50 

8.75 

1.10 

2.05 

.0004 

.0205 

.51 

.0090 

- 

1145  1  Not.  10 

Not.  11 

Veryelight. 

Veryalight. 

0.10 

8.40 

1.80 

2.10 

.0000 

.0130 

.47 

.0000 

- 

1SH 

Dec.  18 

Deo.  14 

Veryellght. 

Slight. 

0.60 

4.45 

1.70 

2.75 

.0000 

.0210 

•" 

.0020 

- 

1000 

18 

Jan.  28 

88. 
Jan.  24 

Very  alight. 

Veryalight. 

0.20 

8.80 

1.20 

2.10 1 

.0000 

.0172 

! 
.43 

.0060 

.0000 

1871 

Feb.  20 

Feb.  21 

VerysUgfat. 

Veryalight. 

0.20 

8.50 

1.40 

2.10 

.0002 

.0180 

.49 

1 

.0100 

.0000 

2082 

Mar.  21 

Mar.  22 

Dlatinct. 

BUght. 

0.40 

8.50 

1.45 

2.05 

.0000 

.0211 

1 
.45 

.0050 

.0000 

2388' Apr.  28 

Apr.  24 

Very  alight. 

Veryelight. 

0.50 

8.10 

0.95 

2.15 

.0004 

.0198 

.44 

.0030 

.0001 

2478 

May  21 

May  22 

Very  alight. 

Veryalight. 

0.50 

8.80 

1.70 

2.10 

.0000 

.0194 

.41 

.0050 

.0000 

2828 

Juue  19 

June  20 

VeryaUght. 

VeiyiUght. 

0.70 

8.60 

1.60 

2.20 

.0000 

.0220 
.0224 

.48 

.0030 

.0001 

2840 

July  25 

July  20 

None. 

VeryaHght. 

1.10 

4.88 

2.19 

2.70 

.0012 

.0314 
.0270 

.41 

.0000 

.0008 

3019 

Aug.  22 

Aug.  23  1 

Slight. 

Slight. 

0.80 

8.80 

1.60 

2.20 

.0000 

.0252 
.0226; 

.34 

.0020 

.0000 

S2M 

Sept.  20 

Sept.  27 

1 

Veryelight. 

Slight. 

0.50 

8.40 

1.90 

1.90 

.0000 

.0164 ' 
.0178 

.32 

.0030 

.0002 

8485 

Oct.  24 

Oct.  25 

Slight. 

Veryalight. 

0.00 

8.49 

1.99 

1.90 

.0002 

.0190 
.0104 

.42 

.0030 

.0001 

8588 

2roy.22 

Not.  23 

Very  alight. 

Slight. 

0.70 

8.59 

1.90 

1 
1.99 

.0002 

.0208 
.0198 

.42 

.0050 

.0002 

8753 
8914 

Dec.  19 

18 

JaD.  23 

Deo.  20 

89.          i 
Jan.  24 

Verytllght. 
Slight. 

Blight. 
Slight. 

0.70 
0.70 

8.60 
8.90 

1.90 
1.99 

2.10 
1.99 

.0000 
.0004 

.0178 
.0160 

.0180 
.0162 

.43 
.40 

.0080 
.0000 

.0002 

.0002 

4150   Feb.  27 

1 

Feb.  28 

Very  alight. 

Veryalight. 

0.70 

8.60 

1.70 

1.90 

.0000 

.0102 
.0194 

.44 

.0020 

.0001 

4428   Mar.  28 

Mar.  30 

1 

Slight. 

SUght. 

0.70 

8.25 

1.40 

1.89 

.0000 

.0208 
.0172 

.42 

.0060 

.0001 

4574  .  Apr.  25 

1 

Apr.  20^ 

Slight. 

Slight. 

0.80 

8.90 

1.70 

1.60 

.0002 

.020S 
.0192 

.41 

.0000 

.0002 

4718 

May  22 

May  23 

Veryalight. 

1 

Slight. 

0.80 

8.79 

1.79 

2.00 

.0020 

.0258 
.0228 

.38 

.0080 

.0002 

At. 

0.50 

8.52 

1.38 

2.14 

.0003 

.0204 

.43 

.0037 

.0001 





1 

Hardneaa  in  May,  1868, 0.8.    Odor,  diatinctly  TegoUble. The  aamplea  were  collected  from  the 

rlTer  near  the  pumping  atation  of  the  Middleborough  Fire  District,  at  a  depth  of  from  1^  to  2}i  feet 
beneath  the  aurface  of  the  water.  Tlie  water  in  the  river  waa  high  on  account  of  heavy  raina  at  the  time 
of  collecting  aamplea  numbered  1871,  2062,  3019,  3200,  3435  and  3014.  Thia  river  rlsea  in  Aaaawonipsett 
Pond,  2^  milea  from  the  point  where  the  aamplea  were  collected,  and  consequently  haa  the  character, 
iatica  of  the  water  of  the  pond. 
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WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


Mtcroscopieal  Examination. 


ISM. 

18S9. 

Jane. 

July. 

Aoff. 

Sept. 

Oct 

Nov. 

Dee. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-green  Algas 

pr. 

0.0 

JO.O 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

2.  Other  AlgiB, 

0.2 

0.2 

0.2 

2.1 

pr. 

1.1 

0.1 

0.8 

10.8 

15.1 

4.0 

1.4 

8.  Fangl, 

0.1 

0.6 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Formi 

pr. 

0.0 

0.0 

0.0 

0.0 

O.l 

pr. 

0.1 

0.6 

1.4 

0.0 

0.0 

Oronpa  and  prfnelpal  genera  of  organlsma  observed:  1.  CyanophyceiB.  2.  Palincllace» ;  Zoo- 
aporen,  UlothHx;  DeamldiacesB;  Dlatomaoen,  AiteHonella,  Sipudra,  Tabellaria;  ZygnemaceaB.  8. 
Bchlzomyoetea.    4.  Froiototk,  Peridlnium  ;  Bpongiarla;  Rotifer*. 


Chemical  Examination  of  Water  from  the  Nemaskel  River  below  Middleborough, 

[farU  per  100,000.] 


Date  or 

Appbabaxcb. 

Rksidub  om 
EvxruBATiox. 

AmoviA. 

1 

NiTBOOBSr 
A8 

& 

j 

ii 

f 

1 

1 

1 

|5 

1 

1 

1^ 

^ 

1 

860 

18*87. 

July  18  July  19 

None. 

None. 

0.50 

8.45 

1.10 

2.35 

.0005 

.0198 

.43 

.0000 

. 

808 

Sept.  18 

Sept.  19 

None. 

VeryeUgbt. 

0.20 

8.70 

0.85 

2.85 

.0003 

.0142 

.51 

.0130 

- 

082 

Oct.  18 

Oct.  19 

Ver>'allght. 

Very  flight. 

0.80 

8.90 

1.80 

2.60 

.0004 

.0202 

.53 

.0030 

- 

1281 

Nov.  21 

Nov.  21 

Veryeligbt. 

Veryeligbt. 

0.55 

4.20 

1.80 

2.90 

.0008 

.0191 

.52 

.0020 

- 

1419 

Dee.  19 

Doe.  21 

Veryeligbt. 

Veryeligbt. 

0.90 

4.00 

1.60 

8.30 

.0008 

.0214 

.59 

.0080 

- 

1057 

18 

Jan.  22 

88. 

Jan.  23 

Slight. 

SUght. 

0.20 

8.85 

1.70 

2.15 

.0000 

.0201 

.43 

.0080 

_ 

1866 

Feb.  19 

Feb.  20 

Slight. 

Ooneid'ble. 

0.80 

8.75 

1.15 

2.60 

.0008 

.0230 

.50  ,.0070 

0000 

2067 

Mar.  20 

Mar.  21 

SUght. 

CJonrid'ble. 

0.60 

8.65 

1.80 

2.35 

.0000 

.0181 

.47 

1 

.0070 

.0000 

2281 

Apr.  22 

Apr.  23 

Veryeligbt. 

SUght. 

0.60 

3.45 

1.25 

2.20 

.0000 

.0214 

.47 

.0100 

.0001 

2470 

May  21 

May  21 

Slight. 

Ooneid»blc. 

0.70 

8.90 

1.15 

2.75 

.0004 

.0234 

I 
.43 

.0040 

.0000 

2641 

June  20 

June  21 

Veryeligbt. 

Veryeligbt. 

1.00 

8.90 

1.40 

2.50 

.0010 

.0252 
.0188 

.43 

.0070 

.0002 

2833 

July  23 

July  25 

SUght. 

SU»t,brown. 

0.90 

4.80 

1.80 

8.00 

.0002 

.02J»8 
.0238 

.52 

.0060 

.0000 

2986 

Aug.  20 

Aug.  20 

Slight. 

SU't,brown. 

0.«| 

4.40 

1.50 

2.80 

.0006 

.0226 
.0210 

.48 

.0030 

.0003 

8261 

Sept.  26 

Sept.  26 

Veryaltght. 

Veryeligbt. 

1.10 

4.95 

2.25 

2.70 

.0004 

.0282 
.0282 

■" 

.0050 

.0002 

8430 

Oct.  23 

Oct.  24 

Veryeligbt. 

Sirt,rurty, 
brown. 

0.70 

8.70 

1.» 

2.46 

.0000 

.0200 
.0184 

.47 

.0030 

.0002 

850S 

Nov.  22 

Nov.  24 

Veryeligbt. 

Con.,  light. 

0.80 

8.60 

1.70 

2.20 

.0006 

.0196 
.0176 

.46 

.0700  .0003 

8769 

Dec.  19' Doc.  21 

Veryeligbt. 

Slight. 

0.60 

8.46 

1.80 

2.15 

.0000 

.0210 
.0182 

.45 

.0050  .0002 

1 
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Chemical  Examinaiion  of  Water  from  the  Nemaakel  River  below  Middleborough 

—  Concluded. 


Appvaxavob. 


Rmiddb  o« 

EVAi^SATIOM. 


11 


KiTBoonr 

AS 


8018 
41«2 
44» 
4519 
4728 


Jan.  28 
Feb.  27 
ICar.  88 
Apr.  25 
May  22 


18  89. 


Jan.  24 
Feb.  28 
Mar.  20 
Apr.  28 
May  23 


At. 


SUgbi. 

VeryiHgbt. 

Slight. 

Slight. 

VerysUght. 


Gonaid'ble, 
Blight. 
CoDn  green. 
Con.,  green. 
Oonild*ble. 


0.80 
0.65 
0.70 
0.80 
1.10 


0.62 


8.50 
8.45 
8.85 
8.70 
8.90 


1.45 
1.80 
1.80 
1.00 
1.70 


8.05 
1.85 
2.05 
1.90 

t.to 


,0004 


,0002 


.0000 


.0000 


.0012 


.0190 
.0146 

.0176 
.0150 

.0208 
.0164 

.0230 
01M 

.0276 

0858 


.0060 
.0060 
.0040 


,0030 
0060 


.0001 
.0008 
.0001 
.0003 
.0001 


8.87 


1.27 


2.60 


.0004 


.0216 


.47 


,0065 


.0001 


Hardneea  In  May,  1888, 0.0.    Odor,  faintly  yegetable. The  aamplee  were  collected  from  the  river 

at  the  **  Old  Mill,"  jiiai  above  the  conflaenoe  of  the  Nemaaket  and  Taunton  riven. 


Microscopical  Examination, 


1888. 

1888. 

Jane. 

"^- 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blae-green  Algn,  .... 

0.0 

pr. 

0.0 

0.4 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  Other  Alg», 

0.8 

0.7 

pr. 

0.2 

0.7 

1.6 

0.0 

5.8 

25.5 

27.2 

2.4 

1.2 

8.  Fnngi, 

pr. 

0.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forma 

0.0 

pr. 

0.0 

pr. 

pr. 

pr. 

0.1 

0.0 

0.8 

8.1 

pr. 

pr. 

Oronpeand  principal  genera  of  oiganlinui  obeerved :  1.  Oyanophyoen.  2.  PalmellacesB ;  Zoosporem ; 
Deso)ldiace»;  Dlotomaeen,  A9terionella,  Synedra^  Tabellaria;  Zygnemaceso.  8.  Schizomycetee. 
4.  Protoxoa,  Dinoftryon;  Spongiaria;  Botlfera;  Bntomostraca. 
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WATER  SUPPLY  AND  SEWERAGE, 


[Dec. 


Chemical  Examination  of  Water  from  the  Taunton  Biver  above  its  Confiuence  with 

IMNemasket, 

[Parts  per  lOO^iOOO  ] 


Date  or 

Appsasavob. 

SsaiDUB  OM 

EVAPOVATIOM. 

AXMOmA. 

S 

NtTBOOBH 
AS 

1 

1 

i 

f 

1 

1 

1 

1 

1 

sl 

^ 

2 

852 

IS 

July  18 

87. 

July  19 

Veryallght. 

VeryaUght. 

1.8 

6.55 

2.15 

4.40 

.0016 

.0851 

.57 

.0070 

. 

809 

Sept.  18 

Sept.  19 

Decided. 

SUght. 

1.7 

7.00 

2.10 

4.90 

.0007 

.0842 

.09 

.0070 

- 

081 

Oct.  18 

Oct.  10 

Dlatlnct. 

SUght. 

1.6 

6.56 

1.60 

4.05 

.0014 

.0600 

.72 

.0180 

- 

1232 

Not.  21 

Not.  2\ 

Dlatinct. 

BUgbt. 

1.4 

7.50 

3.45 

4.05 

.0021 

.0858 

.60 

.0080 

1448 
1658 

Deo.  19 

18 

Jan.  22 

Dec.  2) 

88. 

Jan.  23 

Decided. 
Slight. 

Slight. 
VeryaUght. 

1.5 
1.8 

7.45 
7.25 

3.25 
3.15 

4.20 
4.10 

.0086 
.0007 

.0340 
.0882 

.0284 

.70 
.51 

'.0120 
.0250 

.0000 

1865 

Feb.  19 

Feb.  20 

Slight. 

None. 

1.3 

6.50 

3.00 

3.50 

.0089 

.0204 

.60 

.0200 

.0000 

2066 

Mar.  20 

Mar.  21 

DlsUnot. 

SUght. 

1.1 

4.85 

2.10 

2.75 

.0005 

.0230 

.50 

.0100 

.0000 

2280 

Apr.  22 

Apr.  23 

Veryalight. 

Slight. 

2.3 

5.10 

2.45 

2.65 

.0004 

.0312 

.51 

'.0200 

.0001 

2471 

May  21 

May  21 

VeryaUght. 

VeryaUght. 

2.8 

5.86 

3.25 

2.60 

.0016 

.0412 

.88 

.0120 

.0001 

2640 

June  20 

June  21 

Slight. 

VerysUght. 

- 

6.95 

8.46 

8.50 

.0030 

.0378 
.0860 

.53 

'.0080 

.0001 

July  25 

July  25 

VeryaUght. 

SUght. 

0.9 

4.00 

1.46 

8.85 

.0010 

.0214 
.0196 

.50 

.0070 

.0001 

2987 

Aug.  20 

Aug.  20 

Slight. 

Slight. 

1.1 

6.00 

2.00 

4.00 

.0008 

.0276 
.0228 

.61 

.0080 

.0003 

8262 

Sept.  25 

Sept.  26 

VeryeUght. 

Blight. 

2.8 

7.90 

4.25 

8.85 

.0008 

.0404 
.0404 

.52 

.0100 

.0002 

8428 

Oct.  23 

Oct.  24 

VeryaUght. 

SUght. 

8.7 

6.75 

8.75 

8.00 

.0012 

.0306 
.0870 

.57 

.0070 

1 

.0002 

8507 

Not.  22 

Nov.  24 

VeryaUght. 

Slight. 

8.0 

8.15 

8.85 

2.80 

.0002 

.0342 
.0800 

.47 

'.0100 

.0004 

8770 
8919 

Dee.  19 

18 

Jan.  23 

Dec.  21 

88. 

Jan.  24 

Distinct. 
SUght. 

SUght. 
SUght. 

0.9 
1.8 

4.00 
8.95 

1.65 
1.75 

2.85 
2.20 

.0000 
.0002 

.0218 
.0200 

.0164 
.0144 

.45 
.45 

.0080 

.0050 

1 

.0001 

.0002 

4163 

Feb.  27 

Feb.  28 

VeryeUght. 

VerysUght. 

0.6 

4.70 

1.90 

2.80 

.0014 

.0208 
.0202 

.49 

.0120 

1 

.ooos 

4430 

Mar.  28 

Mar.  29 

SUght. 

SUght. 

1.3 

4.25 

1.49 

2.80 

.0000 

.0238 
.0212 

.52 

.0090 

.0002 

4580 

Apr.  25 

Apr.  26 

VeryaUght 

SUght. 

2.4 

5.35 

2.70 

2.65 

.0004 

.0374 
.0810 

.50 

.0070 

.0001 

4724 

May  22 

May  23 

Distinct. 

Heavy, 
brown. 

2.8 

8.25 

8.15 

8.10 

.0036 

.OS.'W 

.49 

.0180 

.0000 

Av 

2.2 

5.29 

2.48 

»•« 

.0013 

.0323 

.50 

.0113 

.0001 

Hardness  in  May,  1888, 1.1.  Odor,  faintly  to  distinctly  vegeUble. — 
from  the  river  at  Woodward's  or  Sturtevant's  bridge  about  one  mUe  above 
and  Nemaaket  rivers. 


-The  samples  were  collected 
the  conflaence  of  the  Taonton 
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Microscopical  Examination. 


1SS9. 


March.        April. 


May. 


1.  Bloe-green  AlgsD, 
S.  Other  AlgiB, 
8.  Fnngl, . 
i.  Animal  Formi,   . 


0.0 
0.9 
0.0 
0.2 


0.0 
1.4 
0.0 
0.0 


0.0 
pr. 
0.0 
pr. 


Oroaps  and  principal  genera  of  organlftms  obierred  *  2.  DiatomaceiB;  Zygnemaoen.    4.  Protozoa; 
Spottgiaria. 


Chemical  Examination  of  Water  from  the  Taunton  River  at  Bridgewaler,  a  Short 
Distance  below  the  Confluence  of  the  Taunton  and  Nemasket  Rivers. 

[Ports  per  100,000.] 


Datx  or 

Appbailincx. 

Rkswub  oh 
evapokatioh. 

Ammohia. 

j 

NiTsooKsr 

AS 

1 

j 

i^ 

1 

^ 

1 

1 

§1 

1 

. 

1^ 

< 

1 

£ 

92 

IS 

Jane  14 

87. 

June  15 

Decided. 

Consid'ble. 

5.00 

8.57 

3.27 

8.80 

.0011 

.0414 

.58 

.0050 

_ 

155 

Jane  21 

Jane  22 

Slight. 

None. 

2.00 

8.57 

3.27 

3.30 

.0032 

.0820 

.42 

.0000 

- 

588 

Aug.  12 

Aag.l2 

Very  slight. 

None. 

1.70 

6.50 

2.87 

8.63 

.0023 

.0340 

.51 

.0080 

- 

810 

Sept.  18 

Sept.  10 

Decided. 

SUght. 

1.40 

5.80 

1.85 

8.95 

.0013 

.0241 

.60 

.0070 

- 

983 

Oct.  18 

Oct.  19 

Slight. 

VerysUght. 

1.00 

5.25 

1.15 

4.10 

.0008 

.0216 

.66 

.0070 

- 

1280 

Not.  21 

Not.  21 

Very  slight. 

VerysUght. 

1.10 

6.80 

2.48 

3.86 

.0013 

.0285 

.72 

.0100 

- 

1859 

18 

Jan.  22 

88. 
Jan.  23 

SUght. 

None. 

1.10 

6.15 

2.20 

3.96 

.0024 

.0242 

.47 

.0400 

.0000 

1887 

Feb.  19 

Feb.  20 

SUght. 

None. 

1.00 

5.60 

2.00 

3.60 

.0036 

.0271 

.56 

.0150 

.0000 

2068 

Mar.  20 

Mar.  21 

Distinct. 

VerysUfl^t. 

1.00 

4.45 

1.65 

2.80 

.0004 

.0226 

.52 

.0050 

.0000 

2282 

Apr.  22 

Apr.  23 

SUght. 

VerysU^t. 

1.50 

4.25 

2.00 

2.25 

.0004 

.0263 

.46 

.0200 

.0002 

2489 

May  21 

May  21 

Very  slight. 

VerysUght. 

2.50 

5.30 

2.76 

2.66 

.0030 

.0400 

.40 

.0080 

.0001 

2812 

Jane  20 

Jane  21 

Very  slight. 

VerysUght. 

2.80 

5.20 

2.55 

2.65 

.0034 

.0248 

.46 

.0100 

.0003 

2881 

Jaly  25 

Jaly  25 

VerysUght. 

VerysUght. 

1.00 

4.75 

1.30 

8.45 

.0008 

.0238' 
.0210, 

.61 

.0150 

.0001 

3966 

Ajig.20 

Aag.20 

SUght. 

SUght. 

0.70 

5.50 

1.50 

4.00 

.0014 

.0212 

.61 

.0050 

.0003 

8283 

Sept.  25 

Sept.  28 

Very  slight. 

VerysUght. 

1.70 

6.50  8.20 

3.80 

.0006 

.08721 
.0352 

.51 

.0080 

.0002 

8429 

Oct.  23 

Oct.  24 

VerysUght. 

VerysUght. 

2.00 

5.80  2.90 

2.90 

.0014 

.02S2 
.0274 

.51 

.0050 

.0002 

3599 

Not.  22 

^OT.2t 

VerysUght. 

SUght. 

2.40 

5.25 

... 

2.30 

.0004  .0280 ' 
.0278 

.46 

.0100 

.0004 
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C%em»caZ  Examination  of  Water  from  the  Taunton  River  at  Bridgewater,  a  Short 
Distance  below  the  Confluence  of  the  Taunton  and  Nemasket  Rivers — Con. 


Date  or 

Appbasamck. 

Rksidub  oh 

EVAPOBATIOV. 

1 

NlTBOOBV 
A8 

'A 

\ 

1^ 

1 

«i 

1 

I 

§1 

1 

1 

r' 

% 

g 

S768 
8020 

18 

Dee.  10 

IS 

Jan.  23 

88. 
Deo.  21 

88. 

Jan.  24 

SUgbt. 
Veryallgbt. 

VeryeUgbt. 
VeryaUgbt. 

1.00 
1.10 

4.0ft 
8.80 

1.75 
1.60 

2.80 
8.80 

1 
.0000 

.0006 

.0214 
.0186 

.0168 
.0188 

.47 
.43 

.0090 
.0070 

.0008 

.0008 

41M 

Feb.  27 

Feb.  28 

VeryaUgbt. 

Verysllgbt. 

0.00 

4.15 

1.75 

8.40 

.0004 

.0192 
.0178 

.47 

.0090 

.0008 

4481 

Mar.  28 

l£ar.20 

VeryiUgbi. 

Veryeligbt. 

1.00 

4.00 

1.70 

8.80 

.0000 

.0800 
.0178 

.58 

.0070 

.0001 

4681 

Apr.  85 

Apr.  26 

VeryaUgbt. 

VeryeUgbt. 

l.SO 

4.50 

1.85 

8.55 

.0002 

.0264 
.0844 

.44 

.0050 

.0002 

4725 

Ifay  22 

May  23 

VeryeUgbt. 

Sligbt. 

2.40 

5.40 

2.85 

8.55 

.0032 

.0298 
.0874 

.45 

.0090 

.0001 

Av. 

1.47 

5.70 

2.81 

8.3»! 

1 

.0014 

.0268 

.51 

.0005 

.0002 

Hardneaa  Id  May,  1888, 1.1.    Odor,  faintly  vegetable,  eeldom  faintly  mooldy.< 
oollected  from  a  faucet  in  tbe  office  of  tbe  Saperlntendent  of  tbe  State  Fftrm. 


-Tbe  samples  were 


Microscopical  Examination. 


1888.                              1 

1888. 

June. 

Jnlj. 

Aug. 

Sept. 

Oct. 

Not. 

Dec 

Jan. 

Feb. 

Mar. 

-->• 

1.  Bine-green  AIg»,  .... 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.  OtberAlga), 

0.0 

0.6 

0.1 

pr. 

0.0 

0.0 

pr. 

0.1 

1.6 

8.0 

0.8 

0.1 

8.  Fungi 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms 

0.0 

0.2 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.4 

0.2 

0.0 

pr. 

Groups  and  principal  genera  of  organisms  observed:  2.  PalmeliaoesB ;  Zoosporeae;  Deemldiacen; 
Diatomaces,  ^«ferion«/to.   3.  Bcbizomycetes.    4.  Protozoa;  Bpongiaria. 
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Chemical  Examination  of  Water  from  the  Taunton  River  at  Bridgewater,  a  Short 
Dietatiee  below  the  Confluence  of  the  Taunton  and  Nemaaket  Rivers. 

[Puts  per  100,000.] 


^^^^ 

^^^^^^ 

^^^^ 

Datb  or 

Atpsakabcb. 

Rmdub  on 

EVAPOBATIOH. 

Amxoioa. 

1 

NxTBoau 

Vi 

\ 

i 

f 

1 

1 

1 

§1 

M 

s 

1 

il 

< 

» 

1 

03 

IS 

June  14 

June  21 
July  18 
Aug.  11 

S7. 

June  16 

Jq]m22 
July  10 
Aug.  12 

II 1 1 

Nooe. 
Slight. 
VeryiUght. 
Slight. 

4.00 

6.43 
6.80 
4.76 
6.30 

3.80 
3.86 
1.40 
2.76 

8.03 
2.06 
8.86 
8.66 

.0026 
.0024 
.0034 
.0041 

.0803 
.0822 
.0261 
.0867 

.62 
.47 
.48 
.44 

.OOM 
.0300 
.0040 
.0000 

.0088 

164 
861 
686 

1.80 
1.10 
1.80 

- 

Av- 

1.67 

6.00 

3.88 

8.80 

.0020 

.0881 

.48 

__ 

Odor,  faintly  Tegetable,  aometimee  faintly  mouldy.— The  samplee  were  ooUeeted  from  the  river  et 
Dnnber'B  Bridge. 


ChemiccU  Examination  of  Water  from  the  Taunton  River  at  Taunton, 

[ParU  per  100.000.] 


Datb  ov 

Appbabamob. 

Rbbiour  ok 

EVAPORATIOX. 

Ammokxa. 

j 

NiTBOGBK 
AS 

s 

1 

il 

f 

«J 

i 

I 

gi 

1 

1 

1^ 

1 

S 

m 

18 

June  22 

«7. 
Joneffi 

None. 

SUght. 

1.20 

4.07 

1.86 

8.12 

.0034 

.0822 

.48 

.0180 

. 

800 

July  22 

July  28 

Slight. 

VeryeUght. 

1.10 

6.20 

1.56 

8.05 

.0080 

.0266 

.48 

.0130 

- 

006 

Aug.  28 

Aug.  23 

Veryeltght. 

BU't,  mety. 

1.80 

6.00 

1.82 

8.78 

.0048 

.0271 

.52 

.0070 

- 

813 

Sept.  10 

Sept.  20 

None. 

Blight. 

1.60 

6.86 

1.70 

4.15 

.0047 

.0802 

.60 

.0070 

- 

1018 

Oct.  24 

Oct.  26 

Slight. 

BH't,  earthy 
and  floo't. 

1.00 

6.10 

1.70 

4.40 

.0004 

.0212 

.72 

.0080 

- 

1240 

Nor.  21 

Not.  22 

SUght. 

SUght. 

1.40 

6.66 

8.00 

8.66 

.0026 

.0280 

.73 

.0100 

- 

1474 

Dee.  22 

Deo.  22 

Distinct. 

Ooniid'ble. 

1.50 

6.60 

8.00 

8.60 

.0024 

.0384 

.68 

.0100 

- 

1073 

IS 

Jan.  24 

SS. 

Jao.  24 

Veryelight. 

Veryelight. 

1.00 

6.86 

2.66 

8.80 

.0026 

.0220 

.50 

.0200 

.0000 

1876 

Fe)>.  21 

Feb.  23 

Decided. 

SU't,  earthy 
and  floc't. 

0.70 

6.85 

2.85 

4.00 

.0020 

.0200 

.46 

.0100 

.0000 

2088 

Mar.  23 

Mar.  29 

Decided. 

Con.,e'rthy 
and  floc't. 

0.70 

6.86 

2.26 

8.60 

.0007 

.0318* 

1 

.44 

.0000 

.0000 

2206 

Apr.  24 

Apr.  36 

SUght. 

Slight. 

1.40 

4.60 

1.00 

2.00 

.0008 

.0251! 

.50 

.0000 

.0001 

2486 

May  22 

May  22 

VerysUght. 

SUght. 

2.50 

6.45 

2.80 

2.65 

.0010 

.0350' 

.38 

1 

.0080 

.0001 

2046 

June  21 

June  22 

Veryelight. 

Slight. 

2.80 

6.40 

f.69 

t.79 

.0042 

.0542 
.0808 

.45 

.0080 

.0002 

2862 

July  26 

July  27 

VeryBUght. 

VerysUght. 

1.60 

4.99 

1.80 

8.19 

.0030 

.0274 
.0290 

.60 

.0060 

.0001 

8028 

Aug.  28 

Aug.  24 

Slight. 

SUght. 

1.20 

9.45 

1.99 

8.90 

.0010 

.0282 

.«48; 

.42 

.0080 

.0002 
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Chemical  Examination  of  Water  from  the  Taunton  River  at  Taunton — Concluded. 


if 


Appbabavcb. 


JiBSIDUE  OV 
EVAPORATIOK. 


Amxovu.. 


KiTBOOKV 
AS 


3270 
8453 
3606 
3773 
8022 
4168 
4432 
4503 
4720 


18 

Sept.  27 

Oct.  26 
Not.  26 

Dec.  20 

IS 

Jan.  2i 

Feb.  28 
Mar.  20 
Apr.  20 
May  23 


88. 
Sept.  28 

Oct.  27 

Nov.  27 

Dec.  21 

89. 

7aii.  25 

Mar.  1 
Mar.  20 
Apr.  80 
May  24 


Decided. 

Veryeltgfat. 

SUgbt. 

Distinct, 
mUky. 

Blight. 
Verysllght. 
Slight. 
Distinct. 
Very  slight. 


Maoh,e*rthy 
and  floc*t. 

Very  slight. 


Con.,e'rthy 
and  floc't. 

8U't,e»rthy, 
Very  slight, 
Very  slight. 
Slight. 
Consid'ble, 
Slight. 


Av. 


1.80 
2.80 
1.80 
0.00 
1.10 
1.00 
1.00 
2.00 
2.70 


1.45 


5.20 
5.90 
4.85 
8.70 
8.85 
4.05 
4.10 
5.00 
5.50 


2.60 
8.15 
2.05 
1.55 
1.05 
1.75 
1.00 
2.55 
8.00 


6.74 


2.18 


2.60 
2.75 
2.80 
2.15 
2.20 
2.30 
2.20 
2.40 
2.50 
8.56 


.0014 


.0000 


.0002 


,0002 


0000 


0004 


0000 


0008 


0048 


.0420 
.0320 

.0208 
.0286 

0270 
.0250 

.0200 
.0190 

.0184 
.0170 

.0104 
.0172 

.0200 
.0124 

.0364 
.0328 

.0846 


.0050  .0002 

I 

0000  .0002 


.0100 
.0100 
.0070 
.0070 
,0050 
0000 
.0060 


.0008 
.0002 
.0002 
.0001 
.OOQS 
.0001 
.0002 


0010 


.0284 


I 
0084  .0001 


Hardness  in  May,  1888, 1.0.    Odor,  vegetable,  frequently  mouldy. The  samples  were  collected 

from  the  river  opposite  the  filter  basin  of  the  Taanton  Water  Works. 

Microscopical  Examinaiion, 


1888. 

1889. 

June.!  July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.  Blue-green  AlgsD, .... 

pr. 

0.0 

0.0 

0.8 

pr.  '  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

pr. 

2.  Other  Alg«B, 

0.1 

1.6 

0.6 

2.7 

0.0     0.2 

0.8 

0.8 

6.6 

6.3 

0.8 

0.3 

8.  Fungi, 

0.1 

2.6 

0.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forms,      .... 

pr. 

pr. 

0.2 

0.3 

0.0 

0.0 

pr. 

0.0 

0.2 

0.3 

pr. 

0.0 

Groups  and  principal  genera  of  organisms  observed:  1.  CyanophycesB.  2.  Palmellaeeas;  Zoo- 
sporese;  Desmidiacefe ;  l>\MU>maiM9bt^9UrioneUa,Synedra.  8.  Schlzomyoetes,  Crenothrix.  4.  Protozoa; 
Sponglaria.  ^ 

Ten  Mile  River. 

This  river,  although  small,  was  selected  for  examination  becaose 
the  growing  towns  of  Attleborough  and  North  Attleborough,  with  a 
total  population  in  1885  of  13,175,  are  situated  upon  its  upper 
waters,  and  both  take  a  water  supply  from  wells  near  it.  The 
river  is  situated  in  the  southerly  part  of  Massachusetts,  just  east 
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of  the  Rhode  Island  boundary.  It  rises  in  Wrentham  and  £ows  in 
a  south-easterly  direction  to  Attleborough,  where  it  turns  and  flows 
south-westerly  to  tide  water  opposite  the  city  of  Providence,  R.  I. 
It  drains  about  51  square  miles  of  rolling  country  mostly  in  Massa- 
chusetts. 

The  river  above  Attleborough  has  considerable  fall,  which  is  util- 
ized for  water  power ;  the  principal  industry  being  the  manufacturo 
of  jewelry. 

The  following  table  gives  statistics  of  population,  etc.,  at  three 
points  in  the  valley  :  — 


LOCALTTT. 

Distance 
above 
Month. 

Drainage 
Area. 

ropalation 
0885). 

Popalatlon 
per 

Miles. 

8q.  MUes. 

At  outlet  of  WhiUng*!  ICIU  PoDd,  near  well  of  North 
AlLleboroagh  Water  Works, 

Opposite  well  of  Attleborongfa  Water  Works,  . 

At  aeeond  railroad  eroodng  below  Attleboroagh, 

1T.8 
12.4 
10.4 

4.8 
21.1 
26.1 

1.166 
8,067 
10,667 

269 
882 
421 

Examinations  of  the  river  water  were  made  monthly  from  June, 
1887,  to  May,  1889,  opposite  the  well  ^of  the  Attleborough  Water 
Works  and  at  the  outlet  of  Whiting's  Mill  Pond,  near  the  well  of 
the  North  Attleborough  Water  Works.  A  single  examination  of 
the  river  was  made  at  Wrentham,  the  sample  being  collected  from 
Witherell's  Mill  Pond  in  the  village  of  Plainville.  The  results  of 
these  examinations  are  given  in  the  following  tables.  They  show 
but  very  little,  if  any,  pollution  at  Plainville  and  North  Attle- 
borough. The  pollution  at  Attleborough  is  noticeable  and  suffi- 
cient to  render  water  taken  directly  from  the  river  unfit  for  drinking. 

Chemical  Examination  of  Water  from  WUherelVa  Pond,  Wrentham, 

[Parte  per  100,000.] 


Date  or 

Appbaiukck. 

Rbsidur  on 

KVAFORATIOSr. 

AmcoMiA. 

1 

NlTROOKM 
▲8 

1 

1 
1 

1^ 

^ 

1 
1 

1 

1 

§1 

1 

1 

< 

» 

s5 

1 
ism. 

4980   Mar.  11  Mar.  11 

Very  slight. 

Slight. 

0.1 

2.85 

0.65 

2.00 

.0002 

.0062 
.0074 

.27 

.0070 

.0000 

Odor,  very  faintly  vegetable.  —  The  sample  was  oolleoted  from  Witherell'e  Pond  in  the  village  of 
Plainville. 
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Chemical  Examination  of  Water  from  the  Ten  MUe  River  at  North  AUleborougk 

[Parts  per  100,000.] 


Datb  or 

APPBAKAirCS. 

Rbsidub  ok 
evapobatioh. 

1 
AmcoiriA. 

J 

NiTBOonr 

AS 

1 

j 

ji 

1 

j 

1 

1 

1 

1 

1 

< 

1 

£ 

M3 

18 

Oct.  13 

8T. 

Oct.  13 

j  Distinct. 

Sli%  white. 

0.80 

8.66 

0.55 

8.10 

.0000 

.0219 

.36 

.0000 

_ 

1899 
1599 

Dec.  U 

18 

Jan.  16 

Deo.  14 

88. 
Jan.  IT 

j  Blight. 
None. 

VerysUght. 

0.10 
0.20 

8.85 
8.T5 

0.85 
0.76 

8.00 
8.00 

.0020 
.0028 

.0130 
.0080 

.40 
.26 

.0150 
.0350 

.0001 

1790 

Feb.  10 

Feb.  10 

Slight. 

None. 

0.10 

2.90 

0.90 

2.00 

.0045 

.0174 

.19 

.0160 

.0000 

2002 

tf  ar.  14 

Mar.  15 

Slight. 

VerysUght. 

0.05 

2.65 

0.85 

2.80 

.0014 

.0100 

.32 

.0100 

.0001 

2225 

Apr.  16 

Apr.  17 

Blight. 

VerysUght. 

0.20 

2.85 

0.65 

2.20 

.0003 

.0112 

.29 

.0080 

.0001 

2414 

May  14 

May  15 

Distinct. 

VerysUght. 

0.25 

8.50 

0.95 

2.55 

.0004 

.0256 

.80 

.0050' 0003 

2587 

June 12 

Jane  13 

Distinct. 

Con.,white. 

0.15 

3.78 

0.95 

2.68 

.0000 

.0242 
.0170 

.81 

.0070 

.«m 

2787 

July  12 

July  18 

VerysUght. 

SU%brown. 

0.10 

3.S0 

1.05 

2.25 

.0004 

.0186 
.0148 

.31 

.0000 

.0000 

2919 

Aug.  13 

Aug.  14 

SUght. 

BU't,brown. 

0.10 

8.50 

1.00 

2.50 

.0012 

.0124 
.0114 

.35 

.0030 

.0001 

8148 

Sept.  10 

Sept.  11 

Blight. 

VerysUght. 

0.15 

2.95 

0.70 

2.25 

.0016 

.0136 
.0114 

.27 

.0050 

.0002 

3321 

Oct.    8 

Oct.    9 

Distinct. 

SU»t,  white. 

0.10 

8.55 

1.10 

2.46 

.0002 

.0134 
.0114 

.30 

.0120 

.0002 

8523 

Nov.  12 

Nov.  12 

Distinct. 

SUght. 

0.20 

8.30 

0.80 

2.50 

.odoo 

.0110 
.0062 

.82 

.0150 

.0000 

S728 
8843 

Dec.  17 

lA 

Jan.  14 

Dec.  17 

89. 

Jan.  14 

Very  slight. 
VerysUght. 

VerysUght. 
VerysUght. 

0.15 
0.10 

3.15 
2.60 

0.90 
0.60 

2.25 
2.05 

.0008 
.0004 

.0080 
.0078 

.0050 
.0042 

.29 

.0180 
.0160 

.0002 
.0003 

4017 

Feb.  14 

Feb.  14 

Very  slight. 

None. 

0.10 

2.70 

0.50 

2.20 

.0018 

.0070' 
.00621 

.32 

.0120 

.0000 

4317 

Mar.  15 

Mar.  16 

Slight. 

VerysUght. 

0.10 

2.05 

0.70 

1.95 

.0000 

.0102! 
.0068 

.27 

.0100 

.0002 

4502 

Apr.  12 

Apr.  12 

DUUnct. 

SUght. 

0.10 

2.75 

0.75 

2.00 

.0010 

.0144 
.0082 

.27 

.0040 

.ooos 

4076 

May  16 

May  17 

BlighL 

SUght. 

0.10 

8.15 

0.80 

2.85 

.0000 

.0180 
.0160 

.27 

.0030 

.0000 

Av. 

1 

0.14 

3.31 

0.71 

2.60 

.0010 

.0189 

.30 

.0006 

.0001 

1 

1 

Hardness  in  May,  1888, 1.7.    Odor,  distinctly  vegetable, 
lected  from  Whiting's  MIU  Pond,  at  the  dam  near  the  weU  of 


seldom  mouldy. — The  samples  were  col- 
the  North  Attleboroogh  Water  Works. 
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Microscopical  ExaminaiUm. 


1SS8 

ism. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

F*. 

Mar. 

Apr. 

May. 

1.  Blae-green  AIg8» 

... 

pr. 

0.0 

pr. 

0.0 

0.0 

0.0 ' 

0.0 

0.0 

0.0 

pr. 

0.0 

2.  Other  A1«B 

2.0 

2.0 

0.6 

1.0 

pr. 

0.1 

pr. 

0.1 

0.6 

0.0 

0.2 

0.1 

3.  Fungi, 

0.0 

0.2 

pr. 

0.5 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

0.0 

4.  Animal  Formi,      .... 

0.3 

0.0 

pr. 

0.4 

0.0 

0.0 

pr. 

0.2 

0.0 

pr. 

0.3 

0.3 

Gronpa  and  principal  genera  of  organlama  observed:   1.  Oyanophyoea.    2.  PalmollaceiB ;  Zoo- 
•poresB;  Deamldiaoen;  DiatomaoesB,  Sytudra,  8.  Schisomyoetee.  4.  Protozoa;  Roilfera;  Entomoetraca. 


Chemical  ExamincUion  of  Water  from  the  Ten  Mile  River  at  AUleborough, 

[Parta  per  100,000.] 


Date  or 

Apvkarancb. 

RBaiOUB  OH        1 

Ktapobatioit.     I 

AmcoviA. 

1 

NITBOOBN 

Aa 

1 

9^ 

1 

I- 

1 

1 

1 

I 

§1 
1^ 

1 

1 

2 

S 

183 

18 

Jane  IT 

87. 

Jane  18 

Very  alight. 

None. 

0.60 

5.02 

1.80 

8.22 

.0004 

.0180 

.86 

.0130 

^ 

357 

July  18 

Jnly  10 

Very  alight. 

VeryaUght. 

0.80 

4.06 

1.60 

2.45 

.0038 

.0297 

.81 

.0090 

- 

550 

Aug.  16 

Aug.  16 

Slight 

None. 

0.60 

4.02 

1.35 

3.57 

.0004 

.0188 

.41 

.0060 

- 

775 

Sept.  16 

Sept.  16 

Diatinot. 

Confld*ble. 

0.80 

4.65 

1.40 

8.25 

.0016 

.0234 

.45 

.0060 

- 

1016 

Oet.  24 

Oet.  25 

Dietlnot. 

SU%e»rthy. 

1.00 

5.05 

2.10 

8.85 

.0006 

.0278 

.57 

.0100 

- 

1357 

Dee.    8 

Dee.    0 

Diatlnct. 

Slight. 

0.85 

6.10 

1.45 

8.65 

.0046 

.0164 

.58 

.0880 

- 

1785 

18 

Feb.    0 

88. 
Feb   10 

Slight. 

SUg^t. 

0.50 

4.75 

1.65 

8.10 

.0181 

.0102 

.38 

.0280 

.0002 

2208 

Apr.  18 

Apr.  14 

VeryaUght. 

VeryaUght. 

1.10 

4.00 

1.30 

2.70 

.0000 

.0227 

.81 

.0120 

.0002 

2»1 

Jane  12 

Jane  18 

Very  alight. 

Sli%  white. 

0.50 

4.80 

1.86 

2.85 

.0004 

.0246 
.0208 

.26 

.0100 

.0002 

2722 

Jnly    6 

July    6 

VeryaUght. 

VeryaUght. 

1.60 

4.88 

2.85 

2.50 

.0002 

.0280 

.84 

.0080 

.0002 

80»4 

Sept.  6 

Sept.  7 

Very  alight. 

Blight. 

0.35 

4.80 

1.65 

3.15 

.0024 

.6262 
.0288 

.40 

.0030 

.0000 

3445 

Oct.  25 

Oct.  26 

VeryaUght. 

VeryaUght. 

0.70 

4.50 

1.65 

2.85 

.0000 

.0214 
.0172 

.42 

.0180 

.0006 

3024 

Nov.  80 

Deo.    1 

Slight. 

Con.,e*rthy. 

0.46 

8.80 

1.50 

2.10 

.0006 

.0154 
.0154 

84 

.0200 

.0002 

8762 
4082 

Dec.  20 

18 

Feb.  15 

Dec.  20 

88. 

Feb.  15 

Diatlnct. 
8U\  milky. 

BU't,  earthy 
and  lloc't. 

SUght. 

0.50 
0.80 

8.46 
8.75 

1.10 
1.80 

2.86 
2.55 

.0024 
.0070 

.0154 
.0180 

.0080 
.0066 

.80 
.40 

.0180 
.0250 

.0004 
.0003 

At. 

0.64 

4.81 

1.58 

8.23 

.0025 

.0210 

.80 

.0135 

.0002 

Hardneaa  in  December,  1887,  2.0.  Odor,  generally  vegetable*  aometlmea  mouldy.  — The  aamplea 
ooUected  from  the  river  oppoalte  the  collecting  well  of  the  Attleborough  Fire  Dlatriet.  At  the 
No.  8624  was  collected  the  river  waa  very  high  on  account  of  heavy  ndna. 


Digitized  by 


Google 


514 


WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


Microscopical 

Examination 

1SS8. 

18«9. 

June. 

July. 

Sept. 

Oct 

Nov. 

Dec. 

Feb. 

1.  Blae.green  AlgsB, 

0.0 

0.0 

0.0 

0.0 

pr. 

0.0 

0.0 

2.  OtherAlgce,       .       . 

. 

8.4 

1.0 

1.1 

8.1 

2.1 

0.0 

1.5 

3.  Faiigl, 

. 

pr. 

2.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.  Animal  Forme,  . 

.      .      .      . 

0.4 

pr. 

0.2 

0.0 

0.0 

0.0 

1.2 

GroapB  and  principal  genera  of  organUme  observed :  1.  CyanophyoeiB.  2.  PalmellaoeiB;  Zoospores; 
Deamldlacoffi;  DiatomacesB,  AalerlonelUit  Synedra,  Tabellaria;  ZygneniaoecB.  8.  Bchizomyoetee,  Creno- 
thrix.    4.  Protozoa,  IHnobtyon. 


Wbstfield  River. 

The  Westfield  River,  one  of  the  principal  affluents  of  the  Con- 
necticut River  from  the  west,  rises  among  the  Berkshire  Hills  in 
the  north-eastern  part  of  Berkshire  County  and  flows  thence  in  a 
southerly  and  south-easterly  direction  to -the  Connecticut  River, 
opposite  the  southerly  portion  of  the  city  of  Springfield,  draining 
an  area  of  515  square  miles,  all  of  which  is  within  the  State  of 
Massachusetts. 

The  upper  portion  of  the  drainage  area,  down  to  within  five  miles 
of  the  town  of  Westfield,  or  sixteen  miles  of  the  mouth  of  the  river, 
is  mountainous,  and  throughout  this  area  the  larger  streams  flow 
through  narrow  valleys,  the  precipitous  slopes  of  the  mountains  in 
many  places  rising  directly  from  the  water.  The  mountains  are 
generally  covered  with  a  growth  of  wood,  though  in  many  places 
they  are  barren  and  rocky.  The  fall  of  the  main  river  and  its  tribu- 
taries in  this  region  is  very  rapid. 

In  the  lower  sixteen  miles  of  its  course,  the  river  flows  through  a 
region  which  is  comparatively  flat  except  about  three  miles  east  of 
Westfield,  where  it  is  crossed  from  north  to  south  by  a  high  ridge. 
The  fall  of  the  stream  from  the  top  of  the  dam  at  Westfield  to  the 
mouth  of  the  river,  a  distance  of  eleven  miles,  is  ninety-four  feet. 

There  are  several  reservoirs  and  a  few  ponds  on  the  watershed, 
but  the  total  amount  of  water  stored  is  comparatively  small,  and, 
owing  to  this  and  the  mountainous  character  of  the  area  drained, 
the  flow  of  the  river  is  subject  to  great  fluctuations. 

Westfield  (population  in  1885,  8,961)  is  the  only  large  town  in 
the  basin.     It  has  a  public  water  supply  and  has  recently  adopted 
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and  partly  built  a  system  of  sewerage  with  an  outfall  into  the  main 
river  below  the  town  and  just  above  the  mouth  of  Little  River. 

The  towns  on  the  river  above  Westfield  are  small,  the  largest 
having  a  population  of  but  1,318  in  1885,  and  none  of  them  have  a 
public  water  supply  or  system  of  sewerage.  West  Springfield,  the 
largest  town  below  Westfield,  had  in  1885  a  population  of  4,448 ; 
but  most  of  it  drains  towards  the  Connecticut  River. 

The  following  table  gives  statistics  of  drainage  area,  population, 
etc.,  above  three  points  on  the  Westfield  River. 


LOCALITY. 

DlsUnce 
aboTo 

XODth  of 
River. 

Drainage 
Area. 

(I88&). 

Popalatlon 

per 
Rqaare  Mile. 

Miles. 

Sq.  Miles. 

Jnrt  above  Little  River  at  Westfield,  .... 

Jnat  below  Little  Blver  at  Weetfleld 

At  mouth,        ...**..        t        T 

10.2 
10.2 
0.0 

367.0 
452.4 
615.0 

15,761 
10,338 
23,073 

43 
43 
45 

The  Westfield  River  basin  was  examined  by  the  State  Board  of 
Health  in  1879,  and  the  results  of  this  examination  were  published 
in  the  supplementary  report  of  the  board  for  that  year,  pp.  3-13. 

The  following  table,  showing  a  summary  of  the  manufacturing 
establishments  in  the  valley,  is  taken  from  page  12  of  the  report :  — 


MANUFACTURES. 


Paper  MiUi,  . 
Taonerlee,  . 
Cloth  MlUa,  . 
DreM  Qoodi, 
Cotton  Mill,  . 
Total!,     . 


Number. 


12 
2 
2 

1 
1 


Operatives 
employed. 


41 

76 

120 

265 


1,130 


Analyses  of  the  water  of  the  Westfield  River  have  not  been  made 
regularly  because  it  was  polluted  so  little  during  the  time  covered 
by  these  investigations  that  it  seemed  unnecessary.  A  single  analy- 
sis was  made,  however,  in  connection  with  an  examination  of  the  ice 
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supplies  of  the  State,  and  is  given  below.  The  discharge  of  the 
sewage  of  Westfield  into  the  river  will  render  the  water  unfit  for' 
drinking  at  points  below :  — 


CkemicaX  FxamincUion  of  Water  from  the  Westfield  River  at  Agawam, 

[ParU  per  100,000.] 


Datb  or 

Appbabamcb. 

RUIDUB  ON          1 

Evaporation-.     1 

AmcoHiA. 

j 

NiTBOOBM 

AS 

J»5 

j 

|l 

6 

j 

1 

1 

1 

1 

i 

S 

i 

4228 

19 

Mar.   fl 

90. 

Mar.   7 

Diittnot, 
milky. 

Oon.ie'rthy. 

0.1 

S.66 

1.15 

{.50 

.0028 

.0138 
.0080 

.15 

.0100 

.0002 

Odor,  faintly  mouldy. The  aample  waa  collected  from  the  river,  oppoalte  the  lee-hoaae  of  A.  P. 

Lord,  aboat  half  a  mile  from  the  mouth  of  the  river. 
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THE  CHEMICAL  EXAMINATION  OF  WATERS. 


The  chemical  examination  of  the  waters  of  the  State  have  been 
made  in  the  laboratories  of  the  Massachusetts  Institute  of  Tech- 
nology. In  this  work  I  have  had,  at  different  times  during  the  two 
years  covered  by  this  report,  as  assistants,  Messrs.  Henry  P.  Talbot, 
Arthur  A.  Noyes,  Frederick  Fox,  Jr.,  Herbert  A.  Richardson, 
Henry  Martin,  Augustus  H.  Gill,  Daniel  F.  Gay,  L.  Kimball  Rus- 
sell, Russell  H.  Colby,  George  L.  Heath,  Harry  S.  Mulliken  and 
Misses  Clara  P.  Ames,  Isabel  F.  Hyams,  Sarah  L.  Day  and  Adelaide 
bherman.  I  desire  to  express  my  obligations  to  all  of  them  for 
careful  and  thoughtful  work. 

Associated  with  me  in  the  direction  of  the  chemical  work,  during 
the  entire  time,  has  been  Mrs.  R.  H.  Richards.  The  long  labora- 
tory experience  which  Mrs.  Richards  had  had,  in  connection  with 
Professor  William  Ripley  Nichols's  admirable  work  for  the  State, 
had  given  her  such  an  intimate  knowledge  of  modern  methods  of 
water  analysis  that  she  was  pre-eminently  fitted  for  assuming  the 
immediate  charge  of  the  laboratory.  The  accuracy  of  the  work 
and  the  no  less  important  accuracy  of  the  records  are  mainly  due 
to  her  great  zeal  and  vigilance. 


In  order  that  the  results  of  the  chemical  examination  of  waters 
shall  have  any  value,  it  is  of  the  utmost  importance  that  scrupulous 
care  should  be  exercised  in  the  collection  of  the  samples.  The 
bottles  used  by  us  for  this  purpose  are  of  one  gallon  capacity,  made 
of  heavy  white  glass  in  wooden  moulds.  They  are  fifteen  inches  high 
to  the  top  of  the  stopper,  five  and  a  half  inches  in  diameter,  and 
weigh  a  little  over  three  pounds.  They  have  flat  mushroom  stop- 
pers without  necks.  Each  bottle  is  engraved  **  State  Board  of 
Health,"  with  a  number,  which  is  duplicated  on  the  stopper.     These 
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bottles  are  carefully  cleaned  with  sulphuric  acid  and  potassium 
bi-chromate,  thoroughly  washed  with  distilled  water  and  then  dried. 
They  are  sent  out  from  the  laboratory  in  uncovered  wooden  boxes 
lined  with  packing  paper.  The  stoppers  are  secured  by  a  piece 
of  brown  paper  tied  over  them.  The  exposure  of  the  top  of  the 
bottle  ensures  the  upright  position  of  the  bottle  when  transported 
by  express ;  breakage  from  this  exposure  is  very  rare.  In  winter 
a  box  with  felt  packing  is  used.  To  each  bottle  is  tied  an  en- 
velope tag,  on  which  is  written  the  address  of  the  person  who  is 
to  collect  the  sample  of  water  and  the  date  when  it  is  to  be  taken. 
In  this  envelope  are  printed  directions  for  taking  the  sample,  a 
square  of  clean  cotton  cloth  to  tie  over  the  stopper,  and  pieces  of 
twine  and  sealing  wax.  There  is  also  a  blank  certificate  to  be  filled 
out,  giving  particulars  of  the  water  collected,  and  an  envelope  tag, 
addressed  to  the  laboratory  in  Boston,  into  which  the  certificate  is 
placed.  When  the  sample  is  taken  this  tag  is  tied  to  the.  bottle, 
which  is  replaced  in  its  box,  and  the  water  is  then  ready  to  ship  by 
express. 

Following  are  copies  of  the  directions  for  collecting  the  samples 
and  of  the  certificate :  — 

STATE  BOARD  OF  HEALTH  OF  MASSACHUSETTS. 

iNSTBUCnOKS  FOB  COLLEGTIKa  SAMPLES  OF  WATER  FOR  ANALYSIS. 

Ist.  From  a  Water  Tap.  The  water  should  run  freely  from  the  tap  for  a 
few  minntes  before  it  is  collected.  The  bottle  is  then  to  be  placed  direct! j  under 
the  tap,  and  rinsed  out  with  water  three  times,  pouring  out  the  water  completely 
each  time.  It  is  then  again  to  be  placed  under  the  tap,  filled  to  overflowing, 
and  a  small  quantity  poured  out,  so  that  there  shall  be  left  an  air-space  under 
the  stopper  of  about  an  inch.  The  stopper  must  be  rinsed  off  with  flowing 
water,  and  inserted  into  the  bottle  while  still  wet,  and  secured  by  tying  over  it  a 
clean  piece  of  cotton  cloth.  The  ends  of  string  must  be  sealed  on  the  top  of  the 
stopper.  Under  no  circumstances  most  the  inside  of  the  neck  of  the  bottle  or 
the  stem  of  the  stopper  be  touched  by  the  hand  or  wiped  with  a  cloth. 

2d.  From  ^  Stream,  Pond  or  Reservoir.  The  bottle  and  stopper  should 
be  rinsed  with  the  water,  if  this  can  be  done  without  stirring  up  the  sediment  on 
the  bottom.  The  bottle,  with  the  stopper  in  place,  should  then  be  entirely  sub- 
merged  in  the  water  and  the  stopper  taken  out  at  a  distance  of  twelve  inches  or 
more  below  the  surface.  When  the  bottle  is  full,  the  stopper  is  replaced  below 
the  surface,  if  possible,  and  finally  secured  as  above«  It  will  be  found  convenient 
in  taking  samples  in  this  way  to  have  the  bottle  weighted,  so  that  it  will  sink 
below  the  surface.  It  is  important  that  the  sample  should  be  obtained  free  from 
the  sediment  on  the  bottom  of  a  stream  and  from  the  scum  on  the  surface.  If  a 
stream  should  not  be  deep  enough  to  admit  of  this  method  of  taking  a  sample, 
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the  water  must  be  dipped  ap  with  an  absolutely  dean  yessel  and  poured  into  the 
bottle  after  it  has  been  rinsed. 

The  sample  of  water  should  be  collected  immediately  before  shipping  by 
express,  so  that  as  little  time  as  possible  shall  intervene  between  the  collection  of 
the  sample  and  its  examination. 

The  accompanying  '*  certificate  *^  must  be  filled  out  carefully  and  enclosed  in  the 
enyelope  shipping  tag. 


CERTIFICATE 

Accompanying  a  Sample  of  Water,  to  be  enclosed  in  the  enyelope  tag  addressed 
to  the  State  Board  of  Health,  Boston. 

Sample  of  Water. 
From 

Kame  of  dtf  or  town. 

Collected  and  sealed  by 

Kame  ana  address  of  collector. 


Collected  from- 


State  whether  the  water  Is  team  a  up  or  from  stream,  pond,  reservoir  or  other  scarce. 


Collected  on- 


Qlve  day,  date  and  hour  of  day. 


Shipped  by Express- 


Oiye  date  and  hoar  of  day* 

REMARKS.  —  In  case  there  are  any  abnormal  or  unusual  conditions  existing 
in  the  source  of  the  water,  mention  the  facts :  as,  for  instance,  if  the  streams  or 
ponds  are  swollen  by  recent  heavy  rains ;  or  are  unusually  low  in  consequence 
of  prolonged  drought ;  or  if  there  is  a  great  deal  of  vegetable  growth  in  or  on 
the  surface  of  the  water.    Write  on  the  other  side  of  this  certificate. 

The  collection  of  samples  throaghout  the  State  is  so  arranged  that 
a  certain  number  of  samples  shall  arrive  at  the  laboratory  each  day, 
and  also  that  the  time  shall  not  exceed  twenty-four  hours  between 
the  collection  of  the  water  and  its  receipt  at  the  laboratory. 
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The  regular  examination  of  the  waters  has  consisted  in  the  deter- 
mination of  the  turbidity,  sediment,  color,  odor  (cold  and  hot), 
residue  on  evaporation,  loss  on  ignition,  change  on  ignition,  free 
ammonia,  albuminoid  ammonia,  nitrogen  as  nitrates  and  nitrites, 
and  chlorine.  Occasionally  determinations  have  been  made  of  the 
total  organic  nitrogen,  dissolved  oxygen,  oxygen  absorbed  from 
permanganate,  hardness  and  the  alkalinity. 

In  the  tabulated  results  of  the  analyses  given  in  the  foregoing 
pages  will  be  found  the  turbidity  and  sediment,  color,  the  residue 
on  evaporation  and  the  loss  on  ignition  (except  in  the  case  of  ground 
waters),  the  chlorine,  and  the  nitrogen  in  four  forms,  namely,  free 
ammonia,  albuminoid  ammonia,  nitrates  and  nitrites.  The  hardness 
and  the  general  character  of  the  odors  of  the  waters  are  given  in  a 
foot-note. 

METHODS  OF  ANALYSIS.* 

When  a  bottle  of  water  is  received  at  the  laboratory,  the  certificate 
is  taken  out  of  the  envelope  tag  and  a  serial  number  is  put  both  on 
the  tag  (which  remains  attached  to  the  bottle)  and  on  the  certi- 
ficate. A  copy  of  the  certificate  is  entered  in  a  book  of  record 
with  the  time  (date  and  hour)  when  the  water  was  received.  The 
analysis  of  the  water  is  made  under  this  serial  number.  Separate 
blank  forms,  bound  in  books,  are  provided  for  the  various  deter- 
minations: thus,  there  is  a  book  for  <<  general  characters,"  which 
include  turbidity,  sediment,  color  and  odor ;  another  for  free  and 
albuminoid  ammonia  ;  another  for  chlorine,  and  so  on.  These  results 
are  collected  and  entered  in  other  books  in  tabulated  form,  first 
under  the  serial  number  and  again  under  the  localities  from  which 
the  waters  came.  An  index  volume  facilitates  reference  to  all  the 
records. 

The  determination  of  the  nitrogen  is  begun  without  delay.  As 
soon  as  the  sample  has  received  its  number,  the  seal  is  broken  and 
the  cloth  removed.  The  top  of  the  bottle  is  now  placed  under  a 
tap  of  running  water,  and  the  stopper  and  neck  well  washed  from 
any  adhering  dirt  or  dust.  The  contents  of  the  bottle  are  then 
thoroughly  mixed  by  shaking,   and  500  c.c.   poured  out  into  a 

*  In  the  laboratory  of  the  Sewage  Experiment  Station  at  Lawrence  the  chemical  methods  in 
nse  are  in  some  cases  modified  to  adapt  them  to  the  special  character  of  work  at  the  Station. 
Some  of  these  methods  are  very  fnlly  described  in  the  second  Tolnme  of  this  report  (which 
contains  an  account  of  the  experiments  on  the  filtration  of  sewage),  and  reftrence  is  fluently 
made  to  them  in  this  connection  to  avoid  repetition. 
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graduated  jGbisk  (after  rinsing  with  the  same  water)  for  the  deter- 
mination of  the  free  and  the  albominoid  ammonia.  In  the  case  of 
surface  waters,  and  all  waters  which  are  not  perfectly  clear,  a 
portion,  about  900  c.c,  is  next  filtered  through  a  large  plaited 
filter  of  Swedish  paper  which  has  been  previously  thoroughly  washed 
with  water  free  from  ammonia.  Of  this  filtered  water  500  c.c.  are 
used  for  albuminoid  ammonia,  and  smaller  portions  for  the  deter- 
mination of  the  dissolved  solids  and  color.  Portions  of  the  original 
sample  are  also  taken  out  promptly  for  the  determination  of  the 
nitrites  and  nitrates.  The  bottle  with  the  residue  of  the  original 
sample  is  now  put  on  a  table  which  is  covered  with  a  white  cloth 
or  paper,  before  a  window.  Here  it  stands  over  night  and  the 
next  morning  it  is  inspected  for  the  turbidity  and  sediment.  After 
this  inspection  a  portion  is  taken  for  the  determination  of  the 
chlorine,  hardness,  etc. 

It  is  important  that  the  odor  and  the  amount  and  condition  of  the 
nitrogen  should  be  determined  as  soon  as  possible  after  the  sample  is 
received,  since  the  nitrogen  compounds  are  in  some  waters  liable  to 
change,  and  it  is  largely  upon  the  condition  in  which  the  nitrogen 
exists  in  the  water  that  our  opinion  of  the  sanitary  quality  is  based. 
If  a  sample  of  water  is  received  at  the  laboratory  too  late  in  the  day 
for  examination,  it  is  put  in  an  ice-chest  over  night  to  hinder  or 
retard  change.  In  the  determination  of  the  mineral  contents  of  the 
water  the  delay  of  a  day  or  two  is  not  of  much  consequence. 


Determination  of  the  Free  aitd  Albuminoid  Ammonia. 

The  apparatus  for  the  determination  of  the  ammonia  consists  of 
a  round-bottomed  flask  of  a  capacity  of  900  c.c,  with  a  neck  five 
inches  long,  and  an  ordinary  glass  condenser.  The  interior  glass 
tube  is  three-eighths  of  an  inch  internal  diameter,  and  is  in  contact 
with  the  condensing  water  for  one  foot  ten  inches.  The  flask  is 
closed  by  a  cork  carrying  a  glass  tube,  bent  nearly  at  right  angles, 
which  slips  for  about  four  inches  within  the  condensing  tube.  A 
tight  joint  is  easily  and  quickly  made  by  means  of  a  large  cork,  about 
one  and  one-fourth  inches  in  diameter,  permanently  and  tightly  fitted 
on  the  bent  tube,  with  a  depression  cut  into  one  end,  into  which  the 
end  of  the  condensing  tube  fits.  This  large  cork  serves  the  double 
purpose  of  making  a  tight  joint  with  the  condenser  and  also  as  a 
convenient  means  of  handling  the  small  glass  tube.     When  the  cork 
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of  the  distilling  flask  is  to  be  removed  the  tube  is  not  disconnected 
from  the  condenser,  but  it  is  simply  turned  (together  with  the  cork 
of  the  flask)  to  one  side. 

New  flasks  are  treated  with  boiling  dilute  sulphuric  acid  •and 
potassium  bi*chromate  before  they  are  put  to  regular  use.  New 
corks  give  off"  ammonia  in  contact  with  the  steam  from  the  boiling 
water,  and  must  be  treated,  in  position,  under  these  conditions  for 
two  or  three  hours  before  they  are  ammonia-free.  A  good  sound 
cork  will  last  for  two  or  three  months  with  continuous  daily  use. 
The  flasks  are  placed  on  wire  rings  and  heated  with  the  free  flame 
of  a  Bunsen  burner. 

Five  hundred  cubic  centimeters  of  water  are  poured  into  the  flask 
when  the  apparatus  has  been  proved  to  be  ammonia-free,  and  boiled 
until  three  portions  of  50  c.c.  each  have  been  distilled  over.  No  soda 
is  added  to  surface  waters  in  the  determination  of  the  free  ammonia 
except  in  special  cases  when,  like  water  from  the  Blackstone  River 
for  instance,  the  sample  is  likely  to  be  acid.  Almost  all  the  natural 
waters  have  a  slightly  alkaline  reaction,  and  experiment  has  shown 
the  use  of  soda  to  be  unnecessary. 

Alkaline  permanganate  free  from  ammonia  is  added  to  the  con* 
tents  of  the  flask  after  the  collection  of  150  c.c.  of  distillate.  Usu- 
ally 40  c.c.  are  added.  Very  brown  waters  may  require  as  much 
as  50  c.c.  It  is  added  cautiously  to  the  flask  (waiting  a  minute 
or  two  until  the  contents  have  cooled  slightly)  by  means  of  a  funnel » 
so  that  none  comes  in  contact  with  the  neck  of  the  flask.  The  boil- 
ing is  now  continued  at  such  a  rate  that  it  shall  require  about  eight 
minutes  to  collect  50  c.c. 

In  the  case  of  brown  surface  waters  the  amount  of  albuminoid 
ammonia  varies  considerably  according  to  the  manner  of  conducting 
the  operation.  Thus  a  long  protracted  boiling  will  give  a  higher 
result  in  the  same  amount  of  distillate  than  a  shorter  treatment. 
To  obtain  all  the  albuminoid  ammonia  that  such  waters  are  capable 
of  giving  would  involve  an  almost  interminable  operation.  It  is  of 
more  importance  to  have  constant  conditions  so  that  the  results 
obtained  on  difierent  waters  shall  be  comparable.  Five  portions  of 
50  c.c.  each  are  collected  for  the  albuminoid  ammonia.  In  waters 
of  low  organic  contents  four  portions  will  suffice. 

The  Nessler  tubes  are  12  inches  long  and  |  inch  internal  diameter, 
the  50  c.c.  mark  being  about  two  inches  below  the  top.  The  distil- 
lates are  not  nesslerized  until  the  operator  is  ready  to  determine  the 


Digitized  by  LjOOQIC 


1889.]  WATER  SUPPLY  AND  SEWERAGE.  525 

ammonia.     The  asual  practice  is  to  nesslerize  200  or  more  distil- 
lates and  the  standards  at  the  same  time.  a 

Standards  for  reading  the  colors  for  nesslerization  are  made,  con- 
taining the  following  amounts  of  the  standard  ammonium  chloride 
solution,  namely,  0.1,  0.2,  0.3,  0.4,  0.5,  0.7,  0.9,  1.0,  1.3,  1.5, 
1.8,  2.0,  2.3,  2.5,  2.8,  3.0,  3.5  and  4.0  c.c.  All  the  members  of 
this  series  are  made  at  one  time ;  should  any  error  be  made  in  any 
one  of  the  standards  it  would  be  easily  detected  in  the  irregularity 
of  the  depth  of  color. 

As  far  as  possible  the  results  of  each  day's  work  are  read  at  one 
time  with  one  set  of  standards,  which  should  not,  however,  be  used 
after  three  hours  from  the  time  they  are  prepared.  They  some- 
times fiside  before  this  time,  a  fact  which  will  be  recognized  by  an 
experienced  eye.  The  permanency  of  color  produced  by  nessleriza- 
tion depends  somewhat  upon  the  sensitiveness  of  the  reagent ;  the 
more  quickly  the  color  is  produced,  the  less  its  permanence.  This 
&ct  must  be  borne  in  mind  in  making  the  Nessler  solution,  and 
each  time  a  quantity  is  prepared  it  must  be  compared  with  that 
in  use  to  see  that  it  agrees  in  depth  of  color  produced  and  in 
sensitiveness.  For  the  measurement  of  quantities  above  4  c.c.  of 
the  standard  ammonium  chloride  solution  it  is  often  convenient  to 
use  a  pair  of  Hehner's  colorimeters,  matching  the  colors  by  running 
off  a  known  portion  of  the  solution  having  the  deeper  color.  In 
using  this  method  it  is  important  to  use  a  standard  not  differing 
much  from  the  distillate  to  be  tested,  since  the  depth  of  color  pro- 
duced by  nesslerization  is  not  directly  proportional  to  the  amount  of 
ammonia.  For  instance,  the  depth  of  color  produced  by  nessleriz- 
ing  10  c.c.  of  ammonia  solution  is  more  than  twice  that  of  5  c.c.  in 
the  same  bulk  (say  100  c.c.)  of  water,  and  a  reduction  of  the 
height  of  the  column  of  liquid  to  one-half  of  the  stronger  solution 
will  not  reduce  the  depth  of  color  to  that  produced  by  5  c.c.  of  the 
ammonia  solution. 

The  importance  of  having  uniformity  of  temperature  of  the  solu- 
tions to  be  tested  and  the  standards,  is  essential.  In  winter  time, 
when  the  temperature  of  the  distillates  is  much  below  the  tempera- 
ture of  the  room,  a  considerable  time  must  elapse  before  equality 
of  temperature  is  reached.  On  this  account,  and  owing  to  the 
shortness  of  the  winter  days,  it  is  well  to  let  the  distillates  remain 
in  the  tubes  over  night,  protected  from  dust,  before  nesslerization. 
If  an  immediate  reading  is  required,  it  is  necessary  to  bring  distil- 
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lates  and  standards  to  the  same  temperature  or  else  make  a  correc- 
tion for  the  deeper  color  produced  in  the  warmer  solution.* 

Deteemination  of  the  Organic  Nitrogen. 

There  can  be  no  doubt  that  the  determination  of  the  total  organic 
nitrogen  would  be  generally  practised  in  place  of  the  determination 
of  the  albuminoid  ammonia,  if  there  was  available  a  short,  easily- 
executed,  and  accurate  method  for  this  purpose.  As  the  result  of  a 
very  large  number  of  experiments  with  the  Kjeldahl  nitrogen  pro- 
cess, we  think  it  may  be  safely  said,  that  this  method  leaves  little, 
if  anything,  to  be  desired  in  these  respects.  The  method  employed 
is  as  follows  :  — 

Five  hundred  c.c.  of  the  water  are  poured  into  a  round-bottomed 
flask,  of  about  900  c.c.  capacity,  and  boiled  until  200  c.c.  have 
been  distilled  off.  The  free  ammonia  which  is  thus  expelled  may,  if 
desired,  be  determined  by  connecting  the  flask  with  a  condenser. 
To  the  remaining  water  in  the  flask  is  added,  after  cooling,  10  c.c. 
of  pure  concentrated  sulphuric  acid.f  After  shaking,  the  flask  is 
placed  in  an  inclined  position  on  wire  gauze,  on  a  ring-stand  or 
other  convenient  support,  and  boiled  cautiously,  in  a  good  drawing 
hood,  until  all  the  water  is  driven  off  and  the  concentrated  sulphuric 
acid  is  white  or  a  very  pale  yellow.  After  cooling,  200  c.c.  of 
water  free  from  ammonia  are  added,  the  neck  of  the  flask  being 
washed  free  from  acid,  and  then  100  c.c.  of  sodium  hydratej 
solution.  The  flask  is  immediately  connected  with  the  condenser 
and  then  shaken  to  mix  the  contents. 

The  distillation  at  the  start  is  conducted  rather  slowly.  After 
the  first  50  c.c.  are  condensed,  the  contents  of  the  flask  may  be 
boiled  more  rapidly  until  150  c.c.  to  175  c.c.  have  altogether  been 
collected.  The  total  distillate  is  made  up  to  250  c.c.  with  water 
free  from  ammonia,  well  mixed,  and  50  c.c.  taken  for  nesslerization. 

«  Compare  "  Metbods  of  Analysis "  at  the  Lawrence  Experiment  Station  in  the  second 
volume  of  this  report ;  also  paper  on  "  The  "EfBdH  of  Temperatore  on  the  Determination  of 
Ammonia  by  Nesslerization/'  by  Allen  Hazen  and  Harry  W.  Clark,  in  Am.  Chem.  Jour.,  toI. 
12,  No.  6. 

t  It  Is  necessary  to  hare  for  this  purpose  sulphuric  acid  which  is  very  nearly,  if  not  quite, 
free  from  nitrogen  in  any  form.  Baker  &  Adamson,  of  Easton,  Penn.,  make  an  acid  for  thia 
purpose  which  contains  only  .005  milligram  of  ammonia  in  10  c.c. 

I  The  sodium  hydrate  solution  is  made  by  dissolving  200  grams  of  caustic  soda,  free  from 
chlorine,  in  1.25  litres  of  distilled  water,  adding  two  grams  of  potassium  permanganate  and 
boiling  down  to  somewhat  less  than  a  litre.  When  cold,  the  solution  is  made  up  to  a  litre. 
The  addition  of  the  permanganate  is  to  oxidize  any  organic  matter  which  may  be  present  la  the 
caustic  soda. 
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Since  the  greater  part  of  the  ammonia  comes  over  in  the  first  portion 
of  the  distillate,  it  is  well  to  have  a  little  dilute  hydrochloric  acid  in 
the  condensing  flask.* 

In  carrying  out  the  operation,  the  most  scrupulous  care  must  be 
observed  in  preventing  access  of  ammonia  from  any  source.  The 
acid  solutions  will  absorb  ammonia  from  the  air  of  the  laboratory  or 
from  the  dust  of  the  room  if  they  are  allowed  to  remain  uncovered 
for  any  length  of  time.  This  source  of  error  has  been  found  at 
times  to  be  very  large;  quite  enough  to  render  a  determination 
valueless.  One  experiment  gave  a  gain  of  ammonia  in  twenty 
hours,  by  leaving  the  flask  which  contained  the  concentrated  sul- 
phuric acid  uncovered,  equivalent  to  0.5  c.c.  of  the  standard  am- 
monium chloride  solution,  and  at  another  time  the  gain  was  3  c.c. 
This  was  in  a  room  from  which  ammonium  hydrate  is  carefully 
excluded. 

The  operation  should,  therefore,  be  carried  out  without  interrup- 
tion, in  a  place  free  from  dust,  and  for  every  determination,  or  set 
of  determinations,  a  blank  analysis  with  ammonia-free  water  should 
be  made  for  a  correction  for  the  ammonia  in  the  reagents  and  that 
accidentally  introduced  in  the  process. 

We  have  not  found  that  the  presence  of  nitrates  and  nitrites  in 
waters  interferes  with  the  accurate  determination  of  the  organic 
nitrogen.  The  error  which  has  been  found  by  Kjeldahl  and  War- 
rington to  be  caused  by  nitrates  in  the  determination  of  organic 
nitrogen  seems  to  disappear  under  the  conditions  of  great  dilution 
which  we  have  in  natural  Waters. 

As  the  result  of  many  hundred  comparative  determinations  of 
organic  nitrogen  and  albuminoid  ammonia  in  natural  waters,  we 
have  found  that  the  total  nitrogen  is  about  twice  the  nitrogen  of 
the  albuminoid  ammonia,  as  we  determine  it.f 

Determination  of  the  Nitrogen  as  Nitrites. 
Warrington's  modification  of  the  Griess  method  is  used  for  the  de- 
termination of  the  nitrites.  J     The  process  consists  in  adding  to  the 
water  to  be  tested  two  or  three  drops  of  hydrochloric  acid  (strong 

•  This  acid  should  be  free  from  ammoiiia :  one  c.c.  of  the  acid  is  eqairalent  to  0.0  milligram 
of  ammonia. 

t  See  paper  on  "The  Determination  of  Organic  Nitrogen  in  Natural  Waters  by  the  Kjeldahl 
Method/*  by  Thomas  M.  Drown  and  Henry  Martin.  Technology  Quarterly,  February,  1889 ; 
Chemical  News,  vol.  69,  p.  272. 

I  Berichte  d.  dent.  chem.  gesellsch  XI.  624;  Jour.  Chem.  Soc.,  1881,  p.  231. 
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acid  with  an  equal  bulk  of  water) ,  then  2  c.c.  of  a  saturated  solution 
of  sulphanilic  acid  and  finally  2  c.c.  of  a  saturated  solution  of 
naphthylamine  hydrochlorate  (8  c.c.  naphthylamine,  8  c.c.  strong 
hydrochloric  acid  and  992  c.c.  of  water).  The  pink  color  produced 
when  nitrites  are  present  is  compared  with  the  depth  of  color  ob- 
tained from  known  amounts  of  a  standard  sodium  nitrite  solution 
under  the  same  conditions.  The  comparison  of  colors  is  conven- 
iently made  in  100  c.c.  tubes.  A  depth  of  color  above  that  produced 
by  a  water  containing  0.0020  parts  of  nitrogen  as  nitrite  is  too  great 
to  be  read  accurately.  Waters  containing  more  than  this  amount 
should  be  diluted  with  a  known  amount  of  distilled  water  free  from 
nitrites,  or  compared  by  means  of  colorimeters,  using  the  same  pre- 
caution as  in  the  case  of  the  determination  of  ammonia  by  this 
means. 

Surface  waters  having  a  color  above  0.1  must  be  decolorized  by 
shaking  with  aluminum  hydrate  and  rapidly  filtered  or  decanted  into 
the  tubes  before  testing  for  nitrites.  Since  the  air  of  rooms  in  which 
gas  is  burned  always  contains  nitrites,  it  is  important  that  there 
should  not  be  any  unnecessary  exposure  of  the  waters  that  will  give 
opportunity  for  the  absorption  of  nitrous  acid. 

The  comparison  of  the  colors  with  the  standards  is  made  in  twenty 
minutes  to  an  hour  after  the  reagents  are  added. 

Determination  of  the  Nitrogen  as  Nitrates. 

The  Phenolsulphonic  process  of  Grandval  and  Lajoux  *  has  been 
used  for  all  the  determinations  of  nitrates  in  natural  waters.  This 
process  has  been  carefully  studied  in  the  laboratory  of  the  Lawrence 
Experiment  Station,  as  well  as  in  the  laboratory  of  the  Board  at  the 
Institute  of  Technology,  and  the  reader  is  referred  to  the  second 
volume  of  this  report  for  a  full  description  of  the  nature  of  the  pro- 
cess and  the  conditions  of  its  successful  use. 

Determination  of  the  Chlorine. 

The  method  for  the  determination  is  that  in  general  use  ;  namely, 
titration  with  a  solution  of  silver  nitrate,  using  potassium  chromate 
as  an  indicator.  Most  of  the  natural  waters  of  the  State  contain  so 
little  chlorine  that  a  direct  titration  gives  uncertain  results.  All 
waters  (except  those  known  to  be  high  in  chlorine)  are  concentrated 
in  porcelain  dishes  on  a  steam  bath,  care  being  taken  not  to  let  the 

*  Comptes  Rendas.    July  6, 1885. 
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contents  go  to  dryness.  Usually  250  c.c.  are  evaporated  to  25  c.c. 
and  the  titration  made  in  the  same  dish.  To  guard  against  loss  of 
chlorine  in  the  evaporation,  a  small  quantity,  say  20  milligrams,  of 
sodium  carbonate  niay  be  added  to  the  water ;  this  amount  does  not 
interfere  with  the  accuracy  of  the  titration.  Before  the  titration  is 
made,  the  sides  of  the  dish  above  the  liquid  must  be  washed  down 
with  dbtilled  water  free  from  chlorine,  and  rubbed  with  a  feather  or 
rubber;  washing  alone  will  not  dissolve  all  the  chlorides  which 
adhere  to  the  sides  of  the  dish.  When  the  amount  of  chlorine  is 
very  low,  a  known  amount  of  salt  added  to  the  liquid  facilitates  the 
titration  by  making  more  definite  the  determination  of  the  end 
point. 

Brown  surface  waters  must  be  decolorized  before  titration.  This 
is  conveniently  done  by  adding  a  small  amount  of  aluminum  hydrate 
to  the  water,  or  by  adding  a  solution  of  alum  and  then  sodium 
carbonate,  filtering  off  the  precipitate,  or  decanting  the  clear  fluid 
after  the  alumina  has  settled.  If  the  water  is  brought  nearly  to 
boiling  with  the  alumina,  the  latter  will  settle  more  promptly. 

The  volume  of  liquid  in  which  the  chlorine  is  determined  has  an 
effect  on  the  amount  of  silver  solution  used  in  the  titration  —  the 
larger  the  volume,  the  greater  the  amount  of  silver  used  for  the 
same  amount  of  chlorine  present.  This  has  been  studied  by  Mr. 
Allen  Hazen  of  the  Lawrence  Experiment  Station,  and  the  reader  is 
referred  for  a  statement  of  his  results  to  the  second  volume  of  this 
report.* 

The  Determination  op  the  Residue  op  Evaporation  and 
Loss  ON  Ignition. 

The  evaporation  to  dryness  on  a  water  bath  of  a  known  volume  of 
water  in  a  weighed  platinum  dish,  and  subsequently  heating  the  dish 
to  a  temperature  of  100^  C.  in  an  air  bath,  gives  the  total  weight 
of  the  organic  and  inorganic  matter  contained  in  the  water.  On 
igniting  this  residue  the  organic  matter  is  burned  off  and  the  residue 
consists  of  the  **  fixed  solids.*' 

This  **  loss  on  ignition**  was,  before  the  introduction  of  modem 
methods  of  water  analysis,  the  only  method  of  determining  the 
organic  matter  in  water.  Since  it  has  been  shown  that  this  loss  on 
ignition,  as  ordinarily  obtained,  is  valueless  as  a  determination  of 

•  See  also  paper  on  **  The  Detennination  of  Chlorine  in  Water,"  by  Allen  Hazen,  Am.  Chem. 
Jour.,  VoL  XL«  p.  409. 
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the  organic  matter  it  has  fallen  largely  into  disuse  in  water  analysis. 
It  is,  however,  possible  by  carefully  regulating  the  heat  in  the  ignition 
to  destroy  the  organic  matter  without  decomposing  calcium  carbo- 
nate or  volatilizing  the  alkaline  chlorides.  This  is  accomplished 
by  heating  the  dish  containing  the  residue  of  evaporation  by 
radiation  from  another  and  larger  platinum  dish,  within  which  it 
is  placed.* 

In  the  case  of  surface  waters,  with  low  mineral  contents  and 
considerable  organic  matter,  this  method  has  been  used  with  satis- 
factoiy  results.  In  the  case  of  ground  waters,  with  little  or  no 
organic  matter  and  high  mineral  contents,  the  loss  on  ignition  even 
with  this  carefully  regulated  temperature,  bears  no  relation  whatever 
to  organic  matter.  The  loss  under  these  conditions  is  often  very 
great,  resulting  from  the  decomposition  of  nitrates  and  chlorides  of 
the  alkaline  earths  and  the  loss  of  water  of  crystallization.  The 
determination  of  the  loss  on  ignition  under  these  conditions  is 
meaningless,  and  it  has  not  been  included  in  the  foregoing  tabnlii- 
tion  of  results. 

By  the  addition  of  sodium  carbonate  to  the  solution  before  evapo- 
ration to  dryness,  the  alkaline  earths  are  precipitated  as  carbonates 
and  the  chlorine  and  nitric  acid  are  supplied  with  an  alkaline  base ; 
there  is  also,  under  these  conditions,  no  water  of  crystallization 
present  in  the  residue.  The  loss  on  ignition  under  these  conditions 
will  give  an  approximate  determination  of  the  organic  matter  when 
present  in  appreciable  quantity.  This  procedure  is  in  regular  use 
at  the  Lawrence  Experiment  Station  for  the  determination  of  the 
fixed  solids  and  loss  on  ignition  in  the  sewage  and  effluents  from 
the  filtration  of  sewage,  and  the  reader  is  referred  to  the  second 
volume  of  the  report  for  the  results  of  extended  investigations  into 
the  behavior  of  various  salts  of  the  alkalies  and  alkaline  earths  under 
these  conditions. 

Since  this  method  gives  the  actual  amount  of  mineral  matter 
present  in  the  water  in  the  anhydrous  condition,  it  might  be 
thought  desirable  to  employ  it  in  all  cases,  both  in  surface  and  in 
ground  waters,  without  regard  to  the  loss  on  ignition.  It  has 
seemed  best,  however,  in  the  analyses  of  the  natural  waters  of  the 
State,  to  adhere  to  the  universal  practice  of  water  analysts  in  obtain- 
ing the  **  total  solids ; "  namely,  to  evaporate  the  water  to  dryness 

•  See  paper  on  <*  The  Lobs  on  Ignition  in  Water  Analysis/'  by  T.  M.  Drown.  Tech.  Quart, 
December,  1888 ;  Chem.  News;  toI.  59,  p.  272. 
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withoat  the  addition  of  sodium  carbonate,  so  that  the  results  shall 
be  comparable  with  those  obtained  by  other  chemists. 

Detehmination  of  the  Hardness. 
The  hardness  of  the  waters  has  been  determined,  during  the  time 
covered  by  this  report,  by  the  soap  method  of  Dr.  Clark,  as  given 
in  Sutton's  Volumetric  Analysis,  5th  edition,  page  363.  The  results 
are  expressed  in  terms  of  an  equivalent  amount  of  carbonate  of  lime 
in  parts  per  100,000. 

Determination  of  the  Odor. 
The  odor  of  the  waters  is  obtained  by  shaking  violently  the  water 
in  one  of  the  large  collecting  bottles  when  it  is  about  one-half  full, 
then  removing  the  stopper  and  quickly  putting  the  nose  to  the 
mouth  of  the  bottle.  An  odor  can  often  be  detected  in  this  way 
which  would  be  entirely  inappreciable  if  the  water  were  poured  into 
a  tumbler.  The  odor  which  is  given  off  when  a  water  is  heated  is 
sometimes  the  same  as  the  odor  of  the  water  when  cold,  sometimes 
it  is  different.  Our  practice  in  getting  the  hot  odor  is  to  heat  on 
an  iron  plate  about  200  c.c.  of  the  water  in  a  beaker  of  500  c.c. 
capacity  covered  with  a  watch  glass.  The  water  is  quickly  heated 
until  the  air  bubbles  have  all  been  driven  off  and  the  water  about  to 
boil.  The  beaker  is  then  taken  off  the  plate,  and,  after  cooling  for 
about  five  minutes,  it  is  shaken  by  a  rotary  movement,  the  watch 
glass  removed  and  the  nose  put  inside  the  beaker.  It  is  only  for  an 
instant,  as  a  rule,  that  an  odor  can  be  perceived. 

Determination  of  the  Color. 
Most  of  the  surface  waters  of  the  State  have  a  yellowish-brown 
color  more  or  less  pronounced.  The  tint  corresponds,  particularly 
in  the  lower  grades,  very  closely  to  that  of  nesslerized  ammonia,  so 
that  the  standards  for  reading  the  ammonia  can  be  used  also  for  the 
determination  of  the  color.  The  comparison  is  made  in  the  same 
kind  of  50  c.c.  tubes  that  are  used  for  the  ammonia  determinations, 
but  the  tubes  used  for  this  purpose  are  kept  separate  from  those 
used  for  the  ammonia,  since  the  least  amount  of  alkali  remaining  in 
a  tube  (if  imperfectly  washed),  alters  the  color  of  the  water.  The 
scale  used  corresponds  with  the  amount  in  the  standards.  Thus  a 
color  of  1.0  is  that  corresponding  to  the  nesslerization  of  1  c.c.  of 
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the  standard  ammonium  chloride  solution ;  0.1  is  the  color  produced 
with  0.1  c.c.  of  this  solution.  In  the  higher  grades  of  color,  over 
1.  the  tint  varies  considerably  from  the  nesslerized  anmionia,  and  the 
degree  of  color  is  then  better  determined  in  wider  tubes  and  in  less 
depth.  This  method  of  estimating  the  color,  which  was  originally 
suggested  by  Prof.  A.  R.  Leeds,  has  its  great  advantage  over 
arbitrary  standards,  in  the  fact  that  ammonia  standards  are  always 
available  in  laboratories  for  water  analysis,  and  also  that  the  deter- 
minations have  a  definite  value  based  on  the  amount  of  ammonia 
used.*  Standards  made  from  very  dark  water  from  cedar  swamps 
by  various  degrees  of  dilution,  and  verified  by  direct  comparison 
with  nesslerized  ammonia,  have  also  been  successfully  used  by  Mrs. 
Richards.  The  color  keeps  well.  If  the  water  used  in  the  stand- 
ards contains  organic  matter  in  suspension,  it  may  be  freed  from  it 
completely  by  filtering  through  porous  sandstone. 

Determination  of  the  Turbidity  and  Sediment. 

The  suspended  matter  remaining  in  the  water  after  it  has  rested 
quietly  in  the  collecting  bottle  for  twelve  hours  or  more  is  called  its 
turbidity,  and  that  which  has  settled  to  the  bottom  of  the  bottle  its 
sediment. 

Good  ground  waters  are  often  entirely  free  from  turbidity  and 
sediment,  but  surface  waters  are  seldom  free  from  suspended 
matter.  The  turbidity  is  very  various  in  character  and  amount, 
sometimes  milky  from  clay,  but  more  generally  it  consists  of  fine 
pollen-like  particles.  These  are  generally  living  algae,  and  a  prac- 
ticed eye  can,  not  infrequently,  recognize  their  forms.  Some  of 
the  lower  animal  forms  can  also  be  seen  by  the  naked  eye,  and  the 
larger  entomostraca  are  quite  noticeable  in  many  waters. 

The  sedinient  may  be  earthy  or  flocculent,  in  the  latter  case  it  is 
generally  debris  of  organic  matter  of  various  kinds.  The  degree  of 
turbidity  is  expressed  by  the  terms  **  very  slight,''  "slight,"  ** dis- 
tinct" and  *<  decided,"  and  the  degree  of  sediment  by  **very 
slight,"  «<  slight,"  «<  considerable"  and  ''much." 

*  See  paper  *<  On  the  Color  and  Odor  of  Surface  Waters/*  by  Thomas  M.  Drown.  Jonm. 
K.  £.  Water  Works  Ass'n,  December,  1887. 
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INTERPKETATION  OF  THE  CHEMICAL  ANALYSIS 

OF  WATEE. 


In  tho  examination  of  water  we  classify  the  substances  found  in  it 
into  mineral  and  organic.  The  distinction  is  not  altogether  a  per- 
manent one,  for  the  mineral  and  organic  are  dependent  on  one 
another  and,  in  part  at  least,  pass  into  one  another.  From  a  sani- 
tary standpoint  our  interest  centres  itself  mainly  in  the  organic 
matter.  This  we  find,  first,  as  living  organisms,  vegetable  and 
animal,  which  either  float  in  the  water  or  have  the  power  to  move 
about  in  it ;  second,  the  products  of  organic  life,  such  as  albumen, 
urea,  tissue,  etc.,  which  may  be  dissolved  in  the  water  or  suspended 
in  it ;  and,  third,  products  of  the  decomposition  of  organic  matter. 
In  the  last  division  are  included  salts  of  ammonia  and  of  carbonic 
and  nitric  acids  —  mineral  matters  in  fact  —  which  serve  in  turn  as 
food  for  the  vegetable  life  in  the  water.  It  is  the  carbon  and  nitro- 
gen of  these  compounds  which  are  constantly  oscillating  between 
organic  and  mineral  matter.  Carbon  and  nitrogen  in  organic  com- 
bination to-day  may  be  found  to-morrow  as  alkaline  carbonates  and 
nitrates.  None  of  the  other  mineral  compounds  found  in  water  bear 
this  intimate  relation  to  organic  matter.  These  are  potash,  soda, 
lime,  magnesia,  iron  and  alumina,  in  combination  with  chlorine  and 
sulphuric  and  silicic  acids.  The  ordinary  processes  of  analysis  suf- 
fice for  the  accurate  determination  of  all  the  minei*al  constituents  of 
the  water,  but  the  determination  of  the  amount  and  character  of  the 
organic  matter  contained  in  water  is  not  generally  practicable,  so 
that  indirect  methods  must  be  resorted  to  to  indicate  its  presence 
and  condition.  This  difficulty  is  in  part  due  to  the  very  small 
quantity  of  organic  matter  usually  present  in  natural  waters  and 
also  to  the  rapidity  with  which  it  decomposes  and  loses  its  original 
character. 

The  usual  method  adopted  to  get  information  with  regard  to  the 
organic  matter  in  water  is  to  determine  the  amount  and  condition 
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of  the  nitrogen  compounds,  for  it  is  the  nitrogenous  organic  matter 
which  has  the  greatest  sanitary  importance,  owing  not  only  to  the 
facility  with  which  it  undergoes  decomposition  but  also-  to  the  fact 
that  nitrogen  is  an  essential  element  in  all  living  matter.  Ana- 
lytical processes  of  great  accuracy  enable  us  to  determine  nitrogen 
in  four  forms ;  namely,  as  organic  nitrogen,  as  ammonia,  as  nitrous 
acid  and  as  nitric  acid.  This  order  represents  also  the  order 
of  change  from  the  organic  state  of  the  nitrogen  to  its  most  highly 
oxidized  condition.  A  familiar  instance  is  found  in  albumen,  which 
contains  about  sixteen  per  cent,  of  nitrogen  in  organic  combination. 
When  this  is  exposed  in  solution  to  suitable  conditions  of  decom- 
position, the  nitrogen  is  first  converted  into  ammonia  and  subse- 
quently oxidized  to  nitrous  acid  and  finally  to  nitric  acid.  This 
series  of  changes  requires  the  presence  of  oxygen  and  of  some 
alkaline  or  earthy  base  with  which  the  acids  can  combine  when 
formed.  Further,  the  presence  of  micro-organisms  is  necessary  to 
initiate  and  carry  the  processes  through  to  completion. 

Organic  matter  such  as  we  are  considering  consists  chiefly  of 
carbon,  hydrogen,  nitrogen,  and  oxygen.  The  process  of  decompo- 
sition may  be  said  to  be,  in  a  general  way,  first  the  oxidation  of  the 
carbon,  which  leaves  the  nitrogen  combined  with  hydrogen  in  the 
form  of  ammonia,  and  subsequently  the  oxidation  of  the  ammonia 
to  water  and  nitric  acid.  Carbon  takes  precedence  of  the  nitrogen 
in  appropriating  the  oxygen,  and  the  presence  of  ammonia  repre- 
sents therefore  the  first  stage  of  the  decomposition  of  nitrogenous 
organic  matter.  If  we  suppose,  in  any  case,  the  carbon  to  be  com- 
pletely oxidized,  the  organic  matter  is  destroyed  as  such,  but  the 
process  once  begun  continues  until  the  nitrogen  is  also  oxidized. 
We  must  thus  conceive  the  bacterial  action  of  decay  to  continue 
even  after  the  organic  or  organized  character  of  a  substance  is 
lost ;  the  process  of  decay  of  organic  matter  is,  therefore,  not  to  be 
considered  complete  until  the  nitrogen,  as  well  as  the  carbon,  has 
attained  its  highest  degree  of  oxidation.  It  is  not  of  course  to  be 
supposed  that  all  the  carbon  of  the  organic  matter  is  oxidized  before 
the  oxidation  of  any  of  the  nitrogen  begins :  the  two  processes 
doubtless  go  on  to  some  extent  side  by  side ;  but,  in  general,  it 
may  be  said  that  the  organic  nitrogen  first  passes  through  the  state 
of  ammonia  before  it  is  oxidized,  and  that  the  presence  of  ammonia 
indicates  that  a  certain  amount  of  carbon  has  been  oxidized  from  the 
organic  condition  to  carbonic  acid. 
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Students  of  sanitary  science  have  attempted  to  establish  certain 
standards  of  purity  of  water  based  on  the  determination  of  nitrogen. 
These  standards  express  limits  for  organic  nitrogen,  or  albuminoid 
ammonia,  free  ammonia,  nitrites  and  nitrates,  beyond  which  the  water 
contaiuing  them  should  not  be  used  for  drinking.  Some  of  them  have 
the  sanction  of  sanitary  congresses,  and  some  are  merely  the  expres- 
sion of  individual  opinion.  The  application  of  these  standards  of 
purity  has  condemned  many  waters  which  were  certainly  unfit  to 
drink,  but  it  is  equally  certain  that  many  wholesome  waters  have  been 
thgreby  also  rejected.  The  fallacy  involved  in  making  **  standards 
of  purity  "  based  upon  the  organic  nitrogen,  ammonia,  nitrites  and 
nitrates,  is  apparent  when  we  consider  that  these  substances  are 
not  injurious  in  themselves,  at  least  to  the  extent  which  they  are 
found  in  natural  waters,  and  that  the  presence  of  any  one  of  these 
substances  in  water  does  not  in  itself  necessarily  carry  with  it  any 
indication  of  its  origin.  These  standards  are  relics  of  days  in  which 
the  harmfulness  of  a  water  was  supposed  to  be  the  direct  result  of  the 
injurious  action  of  specific  substances  found  in  it.  The  theory  of 
to-day  is  that  it  is  (in  the  large  majority  of  cases)  to  the  presence 
of  micro-organisms  in  water  that  its  harmful  influence  is  due,  and 
that  the  results  of  chemical  analysis  have  their  highest  value  in  the 
light  that  they  throw  on  the  quality  of  the  water  from  the  stand- 
point of  bacterial  contamination.  The  use  to  which  these  determina- 
tions should  be  put,  therefore,  is  to  discover  if  possible  the  origin 
and  history  of  the  nitrogen  compounds  in  the  water.  The  study  of 
the  long  series  of  results  obtained  in  the  analysis  of  waters  of  the 
State  of  widely  different  character  and  surroundings,  together  with 
the  results  obtained  at  the  Lawrence  Experiment  Station  of  sewage 
purification  by  intermittent  filtration,  has  broadened  our  views  of  the 
subject  and  has  enabled  us  to  break  away  from  many  of  the  tradi- 
tions which  have  hitherto  controlled  the  opinions  of  sanitarians. 

To  determine  whether  or  not  a  water  has  been  polluted  by  sew- 
age, a  chemical  analysis  is  sometimes  insufficient  —  sometimes  it  is 
superfluous.  It  does  not  need  a  chemical  examination  to  decide 
whether  a  stream  has  been  polluted  by  sewage  when  one  can  see 
the  sewage  flowing  into  it.  In  such  case  the  determination  of  the 
nitrogen  compounds  is  useful  merely  in  the  light  which  they  throw 
on  the  amount  and  condition  of  the  polluting  material.  There  are 
many  situations,  however,  particularly  in  ground  waters  the  course 
of  which  may  not  be  definitely  known,  where  the  results  of  chemical 
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analysis  must  be  our  main  reliance  in  deciding  whether  a  water  is 
normal  or  polluted. 

But  in  any  case  an  opinion  regarding  the  wholesomeness  of  a 
water  must  be  based  on  all  the  information  obtainable  about  it.  In 
addition  to  the  chemical  and  biological  examination  one  should 
know  the  location,  environment  and  source  of  the  water  and  the 
character  and  population  of  the  drainage  area.  The  season  of  the 
year  has  an  influence  also  (as  will  be  seen  later)  on  the  condition 
of  many  waters.  These  facts,  drawn  from  widely  different  sources, 
are  all  interdependent  and  help  to  interpret  one  another.  • 

The  value  of  an  opinion  as  to  the  wholesomeness  of  a  water  is, 
unfortunately,  often  thought  to  be  in  inverse  proportion  to  the  knowl- 
edge which  a  chemist  has  of  its  origin ;  in  other  words,  it  is  thought 
that  a  knowledge  of  the  source  of  a  water  will  bias  a  chemist  in  his 
examination.  T^is  notion,  which  is  quite  widespread,  is  founded  on 
the  mistaken  idea  that  a  chemist  tests  for  definite  harmful  impurities 
in  water  as  if  searching  for  poisons,  when  the  fact  really  is  that  the 
value  of  the  results  of  a  chemical  examination  depends  entirely  on 
the  correctness  of  their  interpretation. 

We  may  sum  up  the  conceivable  methods  in  which  a  water  may 
produce  a  disturbance  of  the  normal  functions  as  follows   — 

1.  lite  presence  in  the  water  of  substances  which  have  a  direct 
disturbing  influence  on  the  system,  A  familiar  instance  is  recog- 
nized in  the  use  of  hard  waters,  or  those  with  high  mineral  contents, 
by  those  accustomed  to  soft  waters,  and  vice  versa.  This  effect  of 
change  of  waters  is  usually  only  temporary.  Dissolved  vegetable 
matter  in  large  amount  in  water  has  been  credited  with  injurious 
effects,  often  of  a  serious  character.  This  may  be  owing  to  the 
vegetable  matter  having  definite  toxic  properties  like  a  drug,  for 
instance,  or  it  may  be  due  to  the  vegetable  matter  being  in  a  state 
of  decomposition.  Further,  it  is  likewise  conceivable  that  the 
presence  of  certain  minute  living  animal  and  vegetable  organisms 
in  a  water  —  algse,  infusoria  and  the  like  —  may  exert  an  injurious 
influence  on  health.  Bad  odors  and  tastes  may  of  themselves,  irre- 
spective of  their  nature  and  origin,  be  injurious  to  persons  of  delicate 
constitutions. 

2.  The  presence  of  products  of  decay  in  the  water.  It  is  well 
known  that  decaying  animal  and  vegetable  matters  are  unfit  for 
food.  In  the  process  of  decay,  more  particularly  of  animal  matter, 
virulent  poisons  are  often  formed.     The    idea   naturally  suggests 
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itself  that  decomposition  of  organic  matter  going  on  in  water  may 
give  rise  to  some  of  these  poisonous  compounds.  While  the  idea 
is  not  inherently  improbable,  it  yet  lacks  proof,  and  in  the  present 
state  of  our  knowledge  of  these  compounds  it  would  seem  incapable 
of  confirmation  except  perhaps  in  a  water  so  grossly  polluted  that 
it  could  not  be  classed  with  drinking  waters. 

3.  The  presence  of  micro-organisTns  in  the  water.  All  processes 
of  decay  or  oxidation  of  organic  matter  going  on  in  nature  are 
accompanied  by  the  vital  activity  of  bacteria,  and  it  is  believed  that 
the  decay  is  the  direct  result  of  this  activity.  The  bacteria  which 
are  the  active  agents  of  this  oxidation,  in  which  process  organic 
matter  is  converted  into  mineral  matter,  are  not  known  to  have  any 
injurious  effect  on  the  human  system.  It  is  conceivable,  however, 
that  when  they  are  very  abundant  and  active,  as  they  must  be  in 
cases  of  active  decomposition,  the  products  of  their  life  pro- 
cesses may  exert  an  influence  on  the  human  system  that  would  be 
inappreciable  when  their  numbers  are  smaller.  Again,  in  cases  of 
active  decomposition  it  may  well  be  that  other  bacteria  may  be 
present  besides  those  engaged  in  the  oxidation  of  the  carbon, 
hydrogen,  and  nitrogen  of  the  organic  matter,  and  that  these  may 
not  be  innocuous  to  health.  It  is  supposed  that  each  ptomaine  is 
the  result  of  the  activity  of  a  specific  bacterium.  Herein  lies  the 
possibility  of  danger  greater  than  that  involved  in  the  formation  of 
the  ptomaines  themselves  ;  namely,  the  multiplication  in  the  system 
of  these  specific  bacteria  accompanied  with  the  generation  of  a 
large  amount  of  poisonous  compounds. 

The  presence  of  the  waste  products  of  human  life  in  drinking 
water  has  long  been  recognized  as  the  most  serious  of  all  forms  of 
pollution.  Instances  of  the  harmful  effect  of  drinking  the  waters 
of  sewage-polluted  streams  and  of  wells  contaminated  with  house 
drainage  are  sufficiently  numerous  to  leave  no  doubt  as  to  this 
causation  of  disease.  In  such  cases,  it  must  be  borne  in  mind,  we 
are  dealing  not  only  with  the  excreta  of  healthy  persons  but  also, 
it  may  be,  of  the  sick.  In  seeking  for  the  cause  of  this  harmful 
effect  of  sewage-polluted  water,  we  find  the  most  ready  explana- 
tion in  the  presence  of  germs  of  disease.  That  illness  should 
be  caused  by  products  of  decomposition,  of  urea  or  the  like,  pre- 
supposes an  amount  of  the  substances  which  is  rarely  found  'in 
water  which  is  acceptable  for  drinking.  The  sense  of  taste  and  of 
smell,  it  is  well  known,  are  no  efficient  safeguards  against  drinking 
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water  which  contains  disease  germs  in  great  number  and  of  great 
virulence. 

In  cities  provided  with  an  abundant  water  supply,  the  sewage  is 
water  containing  less  than  one-tenth  of  one  per  cent,  of  foreign  sub- 
stances, a  large  proportion  of  which  is  mineral  matter.  The  organic 
matter  and  the  products  of  its  decomposition  rarely  exceed  one- 
twentieth  of  one  per  cent,  of  the  weight  of  the  sewage.  Yet  it  is 
this  very  small  quantity  of  decomposing  matter  that  gives  it  its 
offensive  character  and  also  gives  it  its  power  either  directly  or 
indirectly  of  causing  disease. 

Characteristic  of  sewage  is  the  condition  of  the  nitrogenous  matter. 
Its  decomposition  has  been  arrested  by  the  failure  of  the  oxygen 
supply  in  the  water,  and  we  have  much  free  ammonia  as  a  conse- 
quence of  the  oxidation  of  the  organic  carbon,  but  no  oxidized 
compounds  of  nitrogen.  Following  is  an  average  of  daily  analyses 
of  the  sewage  of  Lawrence  for  a  year. 

Analysis  of  Lawrence  Sewage, 

[Parte  per  100,000.] 


RB8IDI7B  ON 
EVAPOKATION. 

AmcoviA. 

1 

KrrKOGBV 

A8 

1 

§1 

1 

1 

ll 

< 

1 

1 

Sewage,  unflltered, 

Sewage,  filtered  through  filter  paper,  . 

48.94 
85.68 

19.11   20.83 
12.10  23.53 

'l.8202 
, 1.T710 

.5802 
.2675 

5.25 
5.35 

.0000 
.0000 

.0000 
.0000 

Difference  (enepended  matter),    .... 

18.81 

7.01 

6.80 

0.0492 

1 

.2627 

j  0.00 

.0000 
,.0000 

.0000 

Of  the  nitrogen  compounds  it  is  seen  that  free  ammonia  is  largely 
in  excess  of  the  albuminoid  ammonia,  and  that  high  chlorine  and 
high  contents  of  mineral  matter  are  characteristic.  When  sew- 
age is  exposed  to  the  action  of  oxygen,  as  when  it  mingles  with 
the  waters  of  a  large  stream,  or  percolates  slowly  through  porous 
ground,  oxidation  takes  place  until  all  the  carbon  and  nitrogen  arc 
oxidized,  and  the  final  result,  when  there  are  no  disturbing  con- 
ditions, is  the  conversion  of  the  total  nitrogen  into  nitrates,  which 
are  soluble  in  water.  Recent  pollution  by  sewage  (using  this  term 
in  a  general  way  to  express  the  waste  of  human  life  whether  or  not 
collected  in  sewers)  is  characterized  by  the  presence  in  the  water  of 


Digitized  by 


Google 


1889.]  WATER  SUPPLY  AND   SEWERAGE.  539 

free   ammonia  and    nitrites,   and  more  remote   pollution  by  the 
presence  of  nitrates. 

In  studying  the  effects  of  sewage  contamination,  we  must  distin- 
guish sharply  surface  waters  from  ground  waters.  In  surface  waters, 
exposed  to  the  air  and  to  the  action  of  the  sun's  light  and  heat,  there 
are  two  actions  going  on ;  namely,  the  oxidation  of  the  elements  of 
the  organic  matter  and  their  absorption  by  the  various  forms  of 
vegetable  and  animal  life,  thus  creating  organic  nitrogen  in  new  and 
living  forms.  In  porous  ground  are  found  the  most  favorable' 
conditions  for  the  oxidation  of  organic  matter ;  here  the  bactena  of 
decomposition  have  their  home,  and  the  thin  layers  in  which  the 
water  is  exposed  to  the  air  facilitates  the  oxidizing  process.  In  the 
absence  of  light,  green  plants  cannot  grow,  and  there  is  consequently 
no  formation  of  organic  nitrogen  as  in  the  case  of  surface  waters, 
On  the  other  hand,  the  forward  movement  of  water  in  the  ground  is 
very  slow  as  compared  with  surface  streams,  and  there  is  thus  oppor* 
tunity  for  the  accumulation  within  a  limited  area  of  the  products  of 
decay. 

In  the  foregoing  classification  of  waters  we  have  had  in  mind  the 
distinction  between  good  and  bad  waters  based  on  the  absence  or 
presence  of  sewage.  The  question  of  a  public  water  supply  involves 
also  considerations  of  appearance,  taste,  color  and  odor  of  the 
wat^r,  which  are  often  of  equal  importance,  since  a  water  which  is 
unsightly,  bad-tasting,  and  inal-odorous  is  not  acceptable  for  drink- 
ing, even  though  injurious  effects  on  the  system  cannot  be  ascribed  to 
its  use.  These  objectionable  qualities  in  a  water  are  due  generally 
to  dissolved  vegetable  matter  or  to  vegetable  and  animal  organisms 
the  life  of  which  is  supported  by  organic  and  mineral  matter  in  the 
water.  The  connection  between  the  chemical  composition  of  a  water 
and  the  kind  of  life  it  will  support  is  not  yet  well  understood,  but 
it  is  hoped  that  further  accumulation  of  chemical  and  biological 
facts  will  enable  us  to  know  more  of  their  relations  to  each  other. 

The  characters  of  surface  and  ground  waters  are  so  radically  dif- 
ferent that  a  discussion  of  the  interpretation  of  the  results  of  analyses 
will  be  more  profitable  if  we  consider  these  two  classes  of  waters 
separately. 

Surface  Waters. 

Surface  waters  —  brooks,  rivers,  ponds  and  lakes  —  have  charac- 
ters dei)endent  on  the  regions  which  they  have  drained.     The  water 
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of  a  mountain  stream  flowing  rapidly  over  rocky  slopes  will  not 
differ  much  m  composition  from  the  rain  which  fell  on  the  moun- 
tain. The  water  of  a  stream  as  it  flows  into  the  sea  after  draining 
many  hundreds  of  square  miles  of  surface^  is  still  the  rain  water  of 
the  drainage  area,  but  it  carries  with  it  in  solution  and  suspension 
mineral  and  organic  matters  of  various  kinds  which  it  has  collected 
in  its  onward  flow. 

The  still  or  slowly  moving  bodies  of  water  —  as  ponds,  lakes  and 
•  reservoirs  —  differ  in  an  important  particular  from  the  streams,  or 
water  in  more  or  less  rapid  motion,  in  that  they  afford  better  op- 
portunity for  the  growth  of  algae,  which  under  favorable  conditions 
is  often  so  great  as  to  make  the  water  turbid  and  to  give  it  a  dis- 
tinct odor  and  taste.  This  condition  of  affairs  is  seldom  met  with 
in  streams. 

In  classifying  waters  from  a  sanitary  standpoint,  the  most  obvious 
and  useful  distinction  is  into  waters  which  are  polluted  either  directly 
or  indirectly  with  sewage,  or  in  general  with  the  waste  products 
of  human  life  and  industry,^ and  those  which  are  free  from  such  con- 
tamination. The  latter  class  of  waters  we  will  call  normal.  Normal 
waters  may  differ  widely  in  character  from  the  pure,  colorless,  moun- 
tain stream  to  the  brown  water  of  swamps,  but  they  have  this  in 
common  that  they  have  never  received  any  contamination  connected 
with  the  life  of  man.  It  is  not  meant  to  be  implied  in  this  distinc- 
tion that  normal  waters  are  necessarily  good  waters  to  drink,  but 
they  are  never  capable  of  producing  those  specific  troubles  which 
have  their  origin  in  disordered  vital  processes. 

The  chemical  analysis  alone  may  sometimes  fail  to  distinguish 
a  normal  from  a  sewage-contaminated  surface  water.  In  the 
following  table  are  grouped  together  the  results  of  the  analyses  of 
several  normal  and  polluted  waters,  which  have  been  selected  to 
show  that  in  some  cases  not  only  is  no  single  determination  conclusive 
as  regards  the  origin  and  quality  of  a  water,  but  that  all  the  deter- 
minations taken  together  do  not  always  suffice  to  give  us  the  inform- 
ation we  desire. 

Thus,  among  the  polluted  waters  are  found  some  in  which  the 
albuminoid  ammonia  is  lower  than  in  the  waters  which  are  unpolluted. 
The  same  is  also  true  of  the  free  ammonia,  the  nitrates,  nitrites, 
chlorine,  etc.  Again,  the  great  variation  in  the  amounts  of  these 
substances,  even  among  the  normal  waters,  shows  that  we  have  to 
deal  with  facts  that  do  not  necessarily  carry  their  interpretation  with 
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them.  But  in  all  these  cases  a  knowledge  of  the  location  and 
environment  of  these  waters  renders  the  results  of  the  analyses 
intelligible,  as  we  shall  see  later  on. 

Table  op  Wateb  Analyses  op  Normal  axd  Polluted  Surpace  Waters. 

NonncU  Waters. 

[Parti  per  100,000.] 


Appbaxancb. 

Rksiddb  on 
Evaporation. 

Ammonia. 
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NiTROOKX  AS 

s? 

1 

g 

1 
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§1 

1 

1 

A 

< 

• 

i 

2 

1 

None. 

Veryslight. 

0.00 

6.00 

0.70 

4.30 

.0000 

.0022 

0.08 

.0000 

.0000 

2 

Decided. 

neavy. 

0.10 

2.50 

0.05 

1.65 

.0000 

.0702 

0.10 

.0030 

.0006 

8 

Decided. 

SUght. 

o.eo 

6.15 

3.25 

1.00 

.0000 

.1262 

0.11 

.0000 

.0000 

4« 

Slight. 

Slight. 

0.40 

3.65 

1.05 

2.00 

.0130 

.0833 

0.16 

.0250 

.0001 

6 

Slight. 

NoDe. 

o.ao 

3.25 

0.06 

2.30 

.0000 

.0186 

0.63 

.0050 

.0000 

6 

Slight. 

None. 

0.00 

6.95 

0.80 

5.16 

.0000 

.0162 

2.10 

.0060 

.0001 

Polluted  Waters. 

1 

Distinct. 

Consld'ble. 

0.10 

10.75 

2.05 

8.70 

.0124 

.0284 

0.10 

.0160 

.0009 

s 

Very  slight. 

VerysUght. 

0.55 

6.15 

1.05 

3.20 

.0000 

.0196 

0.54 

.0550 

.0004 

8 

DUthict. 

SUght. 

0.10 

5.00 

0.86 

4.15 

.0016 

.0198 

0.58 

.0200 

.0004 

4 

Slight. 

SUght. 

0.16 

10.25 

1.20 

9.06 

.0000 

.0262 

2.09 

.0170 

.0010 

6» 

Slight. 

SUght. 

0.15 

12.70 

2.10 

10.60 

.0664 

.0263 

2.41 

•0800 

.0025 

•  Another  sample  from  the  same  sonrce  as  the  one  immediately  preceding. 

Two  substances  are  especially  characteristic  of  fresh  sewage, 
namely,  free  ammonia  and  chlorine ;  the  latter  is  permanent,  while 
the  former,  the  ammonia,  is  ultimately  oxidized  into  nitrites  and 
nitrates.  In  looking  for  the  evidence  of  sewage  in  a  water,  as 
shawn  iu  its  contents  of  chlorine  and  ammonia,  we  must  bear  in 
mind  the  reduction  in  amount  of  both  of  these  substances  by  dilu- 
tion and  also  the  loss  of  the  latter  by  oxidation.  There  is  also 
another  source  of  loss  of  ammonia,  namely,  its  absorption  by  grow- 
ing plants.  The  experiment  of  adding  sewage  to  vessels  of  water 
containing  living  algce  shows  that  the  ammonia  quickly  disappeai*s 
and  that  the  plants  grow  luxuriantly.     It  is  true  there  is  the  possi- 
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bility  that  the  ammonia  is  first  oxidized  to  nitrates  before  it  is  taken 
up  by  the  plant ;  if  so,  the  process  goes  on  too  rapidly  to  allow  any 
accumulation  of  nitrates  in  the  water.  These  two  processes,  namely, 
the  oxidation  of  ammonia  and  its  absorption  by  plant-life,  are  active 
in  the  *<  self-purification  of  streams. ** 

The  plant-life  which  is  thus  stimulated  by  the  ammonia,  appears 
in  an  analysis  of  water  as  albuminoid  ammonia.  Abundance  of 
plant-life  does  not,  however,  prove  the  presence  of  sewage  contami- 
nation. In  two  of  the  analyses,  included  among  the  normal  waters 
in  the  table  above,  will  be  found  excessive  amounts  of  albuminoid 
ammonia.  These  are  from  a  reservoir  in  which  there  is  abundant 
food  for  the  algsB  in  swampy  waters,  or  in  the  organic  matter  of 
the  muddy  bottom. 

Fortunately  we  are  not  without  a  clew  as  to  the  character  and 
origin  of  waters  in  this  State  as  the  result  of  chemical  analysis,  and 
this  we  find  in  the  amount  of  common  salt  in  the  water,  or,  as 
expressed  in  the  results  of  analysis,  in  the  chlorine. 

Chlorine.  —  A  comparison  of  the  determinations  of  the  chlorine 
in  the  waters  of  the  State,  made  during  the  past  two  years,  shows 
the  interesting  fact  that  there  is  a  regular  decrease  in  amount  as  we 
go  from  the  seaboard  westward.  By  selecting  waters  near  their 
source,  which  we  know  from  actual  inspection  are  far  removed  from 
all  sources  of  contamination,  we  are  able  to  establish  for  many 
localities  the  normal  chlorine.  In  a  State  as  thickly  settled  as 
Massachusetts,  it  is  not  possible  in  all  localities  to  get  waters  which 
we  can  say  with  positiveness  are  absolutely  free  from  the  drainage 
of  human  habitations,  and,  in  some  regions,  the  figures  with  which 
we  have  to  content  ourselves  are  probably  somewhat  too  high. 

The  following  table  contains  the  chlorine  determinations  in  some 
of  the  waters  of  the  State  which  are  nearly  or  quite  free  from  human 
contamination.  Here  it  will  be  noticed  that  the  areas  of  low  chlo- 
rine  are  all  in  the  western  part  of  the  State,  and  that  the  amount 
increases  as  we  approach  salt  water. 

This  is  also  conveniently  shown  on  the  map  of  **  Normal  Chlorine 
of  Massachusetts,"  accompanying  this  report. 
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Table  of  Normal  Chlorine. 

[ParU  per  lOO^OOO.J 


NuDlMir  of 

Moutbly 

Detormina- 

tlont. 


Averagv 
Chlorine. 


Extremes  of 
Chlorine. 


North  Adams,  Koioh  Brook,  .... 

Lenox,  Reservoir 

PItUfield,  Bnckett  Brook 

Montague,  Lake  PieaeaDt,      .... 

Greenfleld,  Olen  Brook, 

Leomloater,  Hayoes  Reservoir, 
Springfield,  Ludlow  Reservoir,      . 
Worcester,  Tatnuck  Brook  Reservoir,  . 

Bouthbridge,  Reservoir, 

FItchburg,  BcoU  Reservoir,     .... 

Clinton,  Lynde's  Brook, 

Hudson,  Gates  Pond 

Wayland,  Snake  Brook, 

Boston  Water  Works,  Aabland,  Reservoir  4, 
Haverhill,  Kenosa  Lake,.  .  .  .  . 
Danvers,  Mlddleton  Pond,      .       .       .       . 

Fall  River,  Watnppa  Lake 

New  Bedford,  Aoushnet  Reservoir, 
Plymouth,  Little  South  Pond, 
Nantucket,  Wannacomet  Pond, 


_ 


11 
12 
6 
21 
12 
21 
28 
23 
24 
24 
18 
24 
20 
24 
20 
24 
24 
24 
7 
8 


.07 
.06 
.10 
.11 
.12 
.12 
.12 
.18 
.14 
.16 
.20 
.23 
.28 
.84 
.85 
.62 
.53 
.02 
2.16 


.02—  .00 
.04—  .00 
.07  -  .10 
.07  —  .16 
.05—  .16 
.08—  .16 
.06—  .20 
.08—  .16 
.06—  .21 
.10—  .19 
.13—  .10 
.16-  .23 
.17—  .30 
.10—  .28 
.80—  .89 
.24—  .47 
.48—  .63 
.46—  .67 
.56—  .68 
2.03—2.25 


It  will  be  noticed  that  the  variations  in  the  amount  of  chlorine  in 
many  of  these  waters  is  very  great  at  different  times,  amounting  in 
some  cases  to  300  or  400  per  cent.,  particularly  in  the  waters  lowest 
fn  chlorine.  This  is  owing  to  variations  in  amount  of  rainfall,  to  the 
direction  from  which  the  rain  comes  and  to  the  rate  of  evaporation. 
Too  much  weight  therefore  must  not  be  attached  to  single  determina- 
tions of  chlorine,  unless  indeed  the  amount  found  is  decidedly  in  excess 
of  the  maximum  of  the  chlorine  determinations  in  the  normal  water. 

An  interesting  and  instructive  illustration  of  the  use  of  this 
knowledge  of  the  normal  chlorine  of  definite  regions  of  the  State 
is  found  in  the  different  sources  of  Boston's  water  supply.  Lake 
Cochituate,  and  that  portion  of  the  Sudbury  River  drainage  area 
wljich  contributes  to  the  supply  of  Boston,  are  so  near  together 
that  we  may  assume  the  same  normal  of  chlorine  for  the  whole 
region.     This  normal  we  find  in  Snake  Brook  and  Dudley  Pond  in 
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Way  land  and  Reservoir  4  in  Ashland,  these  being  bodies  of  water 
which  drain  regions  with  very  little  population.  The  chlorine  of 
Snake  Brook  is  0.23  ;  of  Reservoir  4,  0.23  ;  and  Dudley  Pond  (thi-ee 
determinations  only),  0.22.  If  now  we  average  the  other  sources 
of  Boston's  supply  in  the  order  of  their  chlorine,  we  find  that  this 
order  corresponds  also  with  the  amount  of  the  population  x)n  the 
respective  drainage  areas  :  — 

Reservoir  2,  Framingham,  Sudbury  River,      .        .        .  0.31 

Reservoir  3,  Framingham,  Stony  Bi-ook, 0.40 

Lake  Cochituate,  Wayland, 0.44 

The  water  as  supplied  to  the  consumer  in  Boston  contains  0.41 
parts  of  chlorine.  The  diflference  between  this  number  and  the 
normal  of  the  region,  namely  0.23,  represents  the  effect  of  the 
population  on  the  area  on  which  the  water  is  collected. 

The  Mystic  Lake  water,  which  is  supplied  to  Charlestown  and 
the  neighboring  towns  of  Chelsea,  Everett  and  Somerville,  has  an 
average  chlorine  contents  of  1.93,  the  normal  of  the  region  being 
under  0.50.  This  excess  is  caused  by  the  extensive  tanneries  and 
the  large  population  on  this  drainage  area. 

It  must  not  be  inferred  that  the  amount  of  contamination  of  a 
stream,  as  indicated  by  the  excess  of  chlorine  over  the  normal  of  the 
region,  is  necessarily  the  result  of  direct  access  of  sewage  to  the 
stream.  The  amount  of  chlorine  in  a  stream  above  the  normal  is  in 
direct  proportion  to  the  population  on  the  area  on  which  it  has 
drained,  whether  the  region  has  sewers  or  not :  provided,  of  course, 
that  the  sewage  is  not  carried  outside  the  drainage  area.  But  with 
regard  to  the  organic  matters  the  case  is  very  different.  When 
sewage  flows  directly  into  a  stream  there  is  direct  pollution  of  the 
water  by  decomposing  organic  matter,  whereas  when  house  drainage 
reaches  the  stream  after  filtering  through  porous  earth,  the  organic 
matter  may  have  been  entirely  oxidized,  and  the  water  be  purer, 
organically,  than  the  stream  into  which  it  flows.  But  the  chlorine 
in  the  waste  waters  suffers  no  change  in  filtering  through  the  earth, 
and  hence  this  evidence  of  **  previous  pollution"  remains  to  tell 
the  origin  of  the  water. 

In  the  case  of  Boston's  water  supply  above  mentioned,  nearly  all 
waste  products  of  the  population  reached  the  reservoirs  and  Lake 
Cochituate  indirectly  during  the  time  covered  by  this  report.  Sew- 
ers are  now  in  operation  in  South  Framingham,  and  the  other  towns 
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will  in  time  be  provided  with  them.  When  these  improvements 
are  completed,  and  the  sewage  is  disposed  of  outside  the  drainage 
area  of  the  Boston  waters,  the  chlorine  will  sink  to  a  point  nearer 
the  normal,  even  though  the  population  on  the  area  should  increase. 


In  the  determination  of  the  nitrogen  compounds  in  surface  waters 
we  have  the  indication  of  the  amount,  kind  and  condition  of  the 
organic  matter  which  they  contain  —  it  may  be  in  the  form  of  living 
vegetable  or  animal  organisms,  in  the  form  of  soluble  matters  of 
vegetable  or  animal  origin  which  the  water  has  dissolved,  or  in  the 
form  of  oxidized  products  of  organic  matter  previously  existing  in 
the  water.  As  already  mentioned,  four  conditions  of  the  nitrogen 
are  determined,  namely,  albuminoid  ammonia  (organic  nitrogen), 
ammonia,  nitrates  and  nitrites. 

Albuminoid  Ammonia. — This  represents  the  nitrogen  which  exists 
in  organic  combination  before  decomposition  has  set  in.  As  deter- 
mined in  our  usual  practice,  it  is,  in  amount,  about  one-half  of  the 
ammonia  which  the  total  organic  matter  would  be  capable  of  yield- 
ing. The  indication  which  this  deteimination  gives  of  the  total 
amount  of  organic  matter  present  in  the  water  depends  on  the 
character  of  the  nitrogenous  matter.  If  we  suppose  it  to  be  animal 
matter,  like  albumen,  which  contains  about  16  per  cent,  of  nitro- 
gen, the  total  organic  matter  would  be  approximately  determined  by 
the  formula  A  X  ^^  X  2  X  6|,  where  A  is  the  amount  of  albuminoid 
ammonia  which  the  factor  ^^  veduces  to  nitrogen  ;  double  this  amount 
of  nitrogen  is  the  total  organic  nitrogen,  and  &\  times  this  amount 
is  the  total  organic  matter,  which  is  assumed  to  contain  sixteen 
per  cent,  of  nitrogen.  In  cases  of  vegetable  matter,  such  as  sus- 
pended algae  or  the  brown  matter  dissolved  from  grass  and  leaves, 
the  percentage  of  nitrogen  is  very  much  less,  consequently  the  total 
amount  of  organic  matter  represented  by  the  albuminoid  ammonia 
would  be  very  much  larger. 

The  determination  of  albuminoid  ammonia  does  not  in  itself  con- 
vey  any  information  as  to  the  character  of  the  organic  matter  in  the 
water.  Standards  of  purity  based  simply  on  the  amount  of  albu- 
minoid ammonia  are  of  little  or  no  value,  since  it  is  the  quality  of 
organic  matter  rather  than  its  quantity  that  immediately  concenis 
us. 

A  good  illustration  of  this  statement  is  found  in  the  coraJ;)arison 
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of  certain  normal  and  polluted  waters.  Thus  the  water  from  Reser- 
voir No.  4,  the  purest  of  Boston's  water  supplies,  has  had  an  aver- 
age" contents  of  albuminoid  ammonia  for  two  years  of  .0260  parts 
per  100,000  (one  foot  below  the  surface),  the  highest  for  this  period 
being  .0328  and  the  lowest  .0210.  The  water  of  Mystic  Lake,  the 
worst  of  the  Boston  waters,  which  is  known  to  receive  considerable 
sewage  and  manufacturing  refuse  has  had,  during  this  same  time, 
an  average  contents  of  .0264  parts,  the  highest  being  0.356  and  the 
lowest  .0184.  Many  instances  of  this  kind  could  be  cited  to  show 
that  the  determination  of  albuminoid  ammonia  needs  to  be  inter- 
preted with  the  aid  of  other  determinations  and  with  a  knowledge  of 
the  source  and  general  character  of  the  water. 

We  distinguish  with  regard  to  the  sources  of  the  albuminoid 
ammonia :  — 

1st.     Its  animal  or  vegetable  origin. 

2d.  The  susceptibility  of  the  organic  nitrogenous  matter  to 
decay. 

3d.  The  presence  of  the  organic  matter  in  solution  or  suspen- 
sion. 

It  is  generally  conceded  that  matters  of  animal  origin  in  water 
are  more  likely  to  be  injurious  than  vegetable  substances.  This  is 
probably  owing  to  the  fact  that  animal  organic  matter  decomposes 
more  rapidly,  as  a  rule,  than  vegetable  matter,  and  also  because 
the  products  of  animal  decomposition  are  more  apt  to  be,  in  them- 
selves, injurious. 

The  attempt  has  been  made,  with  only  partial  success,  to  distin- 
guish between  animal  and  vegetable  matter  in  water  by  the  rela- 
tion which  the  carbon  bears  to  the  nitrogen  —  the  proportion  being 
usually  greater  in  vegetable  than  in  animal  substances.  But  it  is 
seldom  that  we  need  be  in  any  doubt  as  to  the  presence  of  animal 
contamination  in  surface  water.  An  inspection  of  the  source  and  sur- 
roundings of  the  water  will  seldom  fail  to  give  us  this  information. 

The  susceptibility  to  decay  of  organic  matter  —  whether  of  veg- 
etable or  animal  origin  —  can,  however,  be  determined  by  analysis; 
in  other  words,  we  can  learn  from  successive  examinations  of  a 
sample  of  water  whether  its  organic  contents  decompose  readily. 
Here  is  an  important  distinction,  and  one  which  has  hitherto  been 
largely  ignored.  By  the  usual  standards  of  purity  albuminoid 
ammonia,  or  organic  nitrogen,  has  been  regarded  as  representing 
so  much  organic  matter  with  inherent  possibilities  of  decay ;  the 
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facility  with  which  decay  takes  place  has  not  claimed  the  attention 
it  deserves.  For  the  more  rapid  the  progress  of  decomposition, 
the  greater  must  be  the  bacterial  activity  and  the  greater  the  likeli- 
hood of  the  accumulation  of  the  products  of  decay  in  the  water. 

A  most  valuable  result  of  the  systematic  examination  of  the  water 
supplies  of  the  State  has  been  the  recognition  of  this  fact,  namely, 
that  certain  kinds  of  nitrogenous  organic  matter  found  in  natural 
waters  are  remarkably  permanent  in  character.  This  is  especially 
the  case  with  the  brown  coloring  matter  which  water  dissolves  from 
grasses,  leaves,  roots,  etc.  Most  of  the  surface  waters  of  the  State 
are  more  or  less  colored.  The  water  of  the  Acushnet  River,  the 
water  supply  of  New  Bedford,  is  one  of  the  darkest  waters  of  the 
State;  its  color  varies  from  0.70  to  2.30,  and  the  albuminoid 
ammonia  in  the  filtered  water,  entirely  free  from  suspended  matters, 
was,  with  the  last  mentioned  color,  .0296  parts  in  100,000  —  an 
amount  sufficient  to  cause  the  water  to  be  classed  as  <<  polluted  "  by 
most  European  standards.  Experiments  made  with  this  water  and 
others  of  the  same  general  character  show  that  this  dissolved  nitrog- 
enous matter  will  remain  constant  in  composition  for  months  with- 
out the  development  of  free  ammonia  or  other  indications  of  decay. 

The  following  analytical  results  illustrate  this  statement :  — 


Analyses  of  Brown  Waters  indicating  Permanence, 

[Parts  per  100,000  ] 

Color. 

Ammoxia. 

Ammokia. 

Amxcnia. 

Ammonia. 

Free. 

Albu- 
minoid. 

Free. 

Albu- 
minoid. 

Free. 

Albu- 
minoid. 

Free. 

Albu- 
minoid. 

Taunton  RiTer, . 
Taanton  Blver, . 

Cochituate  Snpply-Tmp,  . 

ArtiAdally  prepared  leaf 
aolutlon. 

2.0 
1.8 
0.4 
2.0 

June  22. 
.0032 

Aug.  12. 
.0042 

Aug.  2. 
.0000 

Oct.  21. 
0.0018 

June  22.' 
.0333 

Aug.  12. 
.0367 

Aug.  2. 
.0172 

Oct.  21. 
.0274 

Juneao. 
.0026 

Aag.24. 
.0038 

Aug.  14. 
.0005 

Dec.  8. 
.0014 

June  80. 
.0360 

Aug.  24. 
.0368 

Aug.  14. 
.0164  1 

Dec.  8. 
.0224 

Aug.  24. 
.0000 

Sept.  2. 
.0336 

Aug.  24. 
.0142 

Sept.  8. 
.0000 

Sept.  8. 
.0160 

It  is  well  known  that  brown,  swampy  waters  were  formerly  often 
taken  by  sea  captains  going  on  long  voyages  on  account  of  their 
keeping  qualities. 

It  is  still  thought  and  asserted  by  some  that  the  yield  of  ammonia 
on  treating  an  organic  compound  with  alkaline  permanganate  is  an 
index  of  its  susceptibility  to  decay  under  ordinary  conditions.    This 
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is  not  the  case,  for  this  stable  brown  coloring  matter  of  swampy 
waters  is  readily  attacked  by  the  alkaline  permanganate  with  the 
abundant  formation  of  albuminoid  ammonia. 

In  the  case  of  the  existence  of  vegetable  matter  in  suspension  in 
water,  as,  for  instance,  the  algsB  which  grow  abundantly  in  many 
surface  waters,  we  cannot  speak  with  as  much  confidence  about  its 
susceptibility  to  decay.  It  is  not  unlikely  that  in  the  great  variety 
of  vegetation  found  in  surface  waters  there  may  be  a  wide  diflFerence 
in  the  duration  of  life  and  rapidity  of  decay ;  but  from  the  fact  that 
in  the  waters  of  normal  ponds  and  reservoirs,  where  the  alga3  are 
very  abundant,  we  do  not  find  any  marked  tendency  to  the  develop- 
ment of  free  ammonia  —  certainly  not  to  an  extent  commensurate 
with  the  amount  of  organic  nitrogen  present  —  it  might  seem  as  if 
this  class  of  vegetation  did  not  under  ordinary  conditions  decay 
rapidly.  Thus  if  we  look  at  the  analyses  of  the  water  of  Haynes 
Reservoir  of  Leominster  (page  188),  we  find  a  very  large  amount 
of  albuminoid  ammonia  —  in  one  case  as  high  as  0.1252  parts  per 
100,000  —  and  yet  in  only  four  months  out  of  the  twenty-two  is  the 
free  ammonia  over  .0020,  with  an  average  for  the  twenty  months  of 
.0023.  Another  instance  is  found  in  the  Ludlow  Reservoir  (Spring- 
field) (page  298),  where  with  albuminoid  ammonia  averaging  .0381, 
and  in  one  case  rising  as  high  as  .0702  parts  per  100,000,  the  free 
ammonia  averages  only  .0019  for  a  period  of  twenty-one  months, 
and  during  this  time  did  not  rise  above  .0054  parts. 

But  this  evidence  is  not  conclusive.  It  may  still  be  the  fact  that, 
in  these  cases,  the  algoB  do  decay  rapidly  but  that  new  growth 
absorbs  the  products  of  decomposition  so  that  they  do  not 
accumulate  in  the  water.  Should  this  be  the  case  we  may  perhaps 
conclude  that  the  purifying  action  of  the  new  growth  neutralizes  the 
injurious  effects  of  the  decay  of  the  old.  There  are  cases  on  record 
in  which  serious  illness  —  diarrhoea,  dysentery,  low  fevers  —  have 
been  ascribed  to  the  use  of  waters  from  swamps.  Assuming  this 
causation  to  be  proved  and  that  the  waters  were  unpolluted,  we 
must  look  for  the  immediate  cause  of  the  trouble  in  the  peculiar 
nature  of  the  organic  matter  itself,  in  the  products  of  its  decom- 
position, or  in  the  presence  of  malarial  or  allied  disease  germs. 
Until  these  cases  are  thoroughly  investigated  both  from  the  chemical 
and  biological  side  we  must  remain  in  doubt  as  to  their  nature. 
None  of  the  normal  brown  waters  of  this  State  used  for  public 
water  supplies  have  the  depth  of  color  which  is  characteristic  of  the 
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water  of  some  of  the  Southern  swamps,  and  as  far  as  we  now  know 
no  ill  effects  have  accompanied  their  use.  That  they  are  little  liable 
to  decomposition  we  have  already  seen,  and  it  is  interesting  to  note 
also  in  this  connection  that  the  actual  amount  of  vegetable  matter 
in  solution  in  these  waters  is  very  small.  In  the  case  of  the  water 
of  the  Acushnet  River,  already  referred  to,  the  largest  amount  of 
dissolved  organic  matter  (as  shown  by  the  loss  on  ignition)  during 
the  two  years  1887-89,  was  3.15  parts  per  100,000,  or  1.82  grains 
per  gallon.  Assuming  the  average  consumption  of  water  for  drink- 
ing to  be  two  quarts  a  day,  one  would  take  into  his  system  in 
drinking  water  of  this  character  less  than  a  ^  grain  of  vegetable 
matter  daily. 

Even  in  those  cases  where  the  water  is  turbid  from  an  abundant 
growth  of  alg«B,  the  actual  amount  of  solid  organic  matter  in  sus- 
pension is  much  less  than  would  generally  be  supposed.  This  is 
well  illustrated  by  the  *  following  results,  showing  the  condition  of 
the  water  of  Ludlow  Reservoir  in  August  for  four  years.* 


Organic  Matter  in  the  Water  of  Ludlow  Beservoir  in  August. 

[Parts  per  100,000.] 


YEAB. 


Albuminoid  Ammokia. 


Total. 


In 
Solution. 


In 
Snaponalon. 

(A) 


Total 
Organic  Matter  In 

Suspension. 


A  X  2.6  X  n  X  18.48. 


1876» 

isn, 

1B88, 

1888, 


.06H 
.0474 
.0486 
.0788 


.0292 
.0198 
.0299 


.0250 
.0182 


.0409 


0.7180 
0.6050 
0.7990 
1.8847 


An  actual  determination  of  the  amount  of  nitrogen  in  the  dried 
organisms  in  the  water  of  the  reservoir  (mostly  blue-green  algae) , 
gave  7.42  per  cent.,  and  it  was  also  found,  by  experiment,  that  the 
total  nitrogen  of  these  organisms  was  about  2.5  times  the  yield  of 
nitrogen  as  albuminoid  ammonia.  Hence,  if  we  multiply  (as  has 
been  done  in  the  above  table)  the  amount  of  albuminoid  ammonia 
in  suspension  by  \^  to  reduce  the  ammonia  to  nitrogen,  then  by 
2.5  and  finally  by  13.48  (a  factor  based  on  the  amount  of  nitrogen 
in  the  dried  algae,  namely,  7.42  per  cent.),  we  git  an  approximation 

*  From  a  special  reffort  of  the  State  Board  of  Health  to  the  Water  CommlBsioners  of  Spring- 
field, September,  1889. 


Digitized  by 


Google 


550  WATER  SUPPLY  AND  SEWERAGE.  [Dec. 

to  the  actual  amount  of  organic  matter  (in  a  dry  condition)  sus- 
pended in  the  water.  If  we  take  the  highest  amount,  namely, 
that  of  August,  1889,  we  have  only  1.3847  parts  in  100,000, 
equivalent  to  0.8  grain  per  gallon. 

Shallow,  stagnant  bodies  of  water,  which  in  the  heat  of  summer 
are  full  of  vegetable  and  animal  life,  become  in  time  foul  because 
decay  gets  ahead  of  growth  and  the  products  of  decomposition 
accumulate.  Such  waters  may  be  normal  in  the  sense  that  they 
are  free  from  human  contamination,  but  no  one  would  consider  them 
fit  to  drink.  We  have  had  in  mind  in  this  discussion  only  bodies 
of  water  large  enoi^gh  to  permit  the  changes  of  life,  death  and  decay 
to  go  on  normally. 

Free  Ammonia. ^^The  expression  **jfre6  ammonia"  as  used  in 
water  analysis  is  unfortunate,  for  there  is  no  reason  to  suppose  that 
ammonia  exists  in  water  (except  under  very  unusual  conditions) 
in  the  free  state  or  as  hydrate  ;  it  is  undoubtedly  present  usually  as 
carbonate  or  chloride.  When  water  containing  salts  of  ammonia 
is  boiled,  these  salts  are  decomposed  and  free  ammonia  (or  hy- 
drate) is  found  in  the  distillate,  hence  probably  the  origin  of  the 
term.  There  need  be,  therefore,  no  misapprehension  in  the  use  of 
the  term  **  free  ammonia,"  which  has  the  sanction  of  long  usage  and 
serves  moreover  to  conveniently  distinguish  the  saline  from  the 
albuminoid  ammonia. 

The  significance  of  free  ammonia  in  water  is,  as  has  already  been 
fully  explained,  the  evidence  it  afiords  of  decomposition  in  progress, 
for  ammonia  may  be  regarded  as  a  residue  of  organic  nitrogenous 
matter  after  the  carbon  has  been  oxidized.  It  is  the  characteristic 
ingredient  of  sewage,  which  is  polluted  water  from  which  most  or 
all  of  the  dissolved  oxygen  has  been  taken  up  by  the  carbon  of 
nitrogenous  organic  matter  with  the  abundant  formation  of  ammonia. 

An  examination  of  the  results  of  the  analyses  of  the  surface  waters 
of  the  State  shows  that,  broadly  speaking,  there  is  not  much  free 
ammonia  in  normal  waters ;  in  other  words,  that  the  balance  between 
life  and  decay  is  such  that  this  product  of  decomposition  does  not 
accumulate  to  any  great  extent  in  the  water.  In  the  surface  waters, 
on  the  other  hand,  which  are  considerably  contaminated  by  sewage, 
free  ammonia  is  often  persistently  present ;  an  indication  that  the 
amount  of  ammonia  contributed  by  the  sewage  is,  under  the  prevail- 
ing conditions,  greater  than  can  be  absorbed  by  the  growing  plants 
or  be  oxidized  into  nitrates. 
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la  the  accompanying  table  there  are  given  average  determinations 
of  free  ammonia  of  twenty-four  waters  of  ponds,  lakes  and  reservoirs 
at  different  periods  of  the  year.  The  order  is  that  of  the  average 
amount  of  free  ammonia  in  monthly  determinations  for  two  years. 
Most  of  these  waters  are  normal  or  nearly  so  and  some,  particularly 
those  near  the  end  of  the  list,  are  more  or  less  polluted  by  sewage 
or  household  drainage. 


Free  Ammonia  in  Surface  Waters^  Averages, 

[Farts  p«rlOO«000.] 


SOURCE  OF  WATER. 
PONDS  OR  RESERVOIRS. 

1 

1 

a. 

% 

1 

1 

1 

h 

n 

1 

|S 

li 

ll 

P 

is 

P 

FaU  RWer,  Watnppa  Lake,    .... 

.0005 

.0007 

.0006 

.0008 

.0006 

.0006 

.0001 

.0008 

.0004 

ntchlmrg,  Scott  Beaervolr,    .... 

.OOOtt 

.0006 

.0008 

.0006 

.0006 

.0003 

.0007 

.0008 

.0004 

MarlboroDgh,  Lake  Williams, 

.0006 

.0008 

.0006 

^0009 

.0004 

.0010 

.0007 

.0006 

.0002 

Maiden,  Spot  Pood, 

.0007 

.0006 

.0010 

.0008 

.0007 

.0006 

.0012 

.0004 

.0011 

Danven,  Ulddleton  Pond,      .       .       .       . 

.0008 

.0006 

.0010 

.0007 

.0009 

.0006 

.0008 

.0006 

.0013 

Worcester,  Tainnck  Brook  Reservoir,  . 

.0009 

.0014 

.0004 

.0006 

.0012 

.0006 

.0004 

.0021 

.0008 

Chteopee,  Dingle  Brook  Reservoir, 

.0010 

.0016 

.0006 

.0000 

.0014 

.0007 

i0006 

i0021 

.0006 

Fitehbnrg,  Overlook  Reservoir, 

.0012 

.0017 

.0007 

!0003 

.0030 

.0002 

iO0O4 

!0083 

.0009 

Hadson,  Qatee  Pond, 

.0014 

.0012 

.0016 

.0010 

.0018 

.0010 

iooio 

i0017 

i0O19 

New  Bedford,  Acnshnet  Reservoir, 

.0016 

.0019 

.0010 

.0012 

.0017 

.0016 

.0009 

i0022 

.0011 

Salem,  Wenham  Lake 

.0018 

.0019 

.0017 

.0020 

.0016 

.0026 

!0014 

i0O13 

.0020 

Lynn,  Breed's  Pond 

.0018 

.0024 

.0011 

.0006 

.0080 

.0005 

.0006 

i0043 

i0016 

Springfield,  Ladlow  Reservoir,     . 

.0019 

.0029 

.0009 

.0024 

.0013 

.0036 

.0011 

io023 

!0004 

Lynn,  Birch  Pond, 

.0019 

.0030 

.0008 

.0010 

.0028 

.0009 

.0010 

.0061 

.0006 

Montague,  Lake  Pleaaant,      .... 

.0031 

.0060 

.0011 

.0007 

.0086 

.0008 

.0006 

.0063 

.0018 

Eaathampton  Reservoir, 

.0021 

.0020 

.0022 

.0027 

.0016 

.0018 

.0086 

.0022 

.0010 

Brockton,  Salisbury  Brook  Reservoir,  . 

.0028 

.0080 

.0022 

.0023 

.0028 

.0020 

.0026 

.0041 

.0015 

.0083 

.0033 

.0032 

.0026 

.0041 

.0010 

.0038 

.0066 

.0027 

Worcester,  Lynde  Brook  Reservoir,     . 

.0040 

.0060 

.0031 

.0039 

.0060 

.0029 

.0029 

.0068 

.0083 

Natick,  Dng  Pond, 

.0060 

.0070 

.0082 

.0020 

.0087 

.0021 

.0020 

.0140 

.0042 

Cambridge,  Fresh  Pond,         .... 

.0184 

.0123 

.0146 

.0082 

.0236 

.0019 

.0046 

/0227 

.0248 

Wobnm,  Horn  Pond 

.0162 

.0214 

.0000 

.0066 

.0240 

.0053 

.0069 

.0377 

.0104 

Boston,  Jamaica  Pond, 

.0167 

.0205 

.0118 

.0084 

.0800 

.0063 

.0016 

.0387 

.0211 

Mystic  Lake 

.0236 

.0273 

.0194 

.oon 

.0876 

.0077 

.0077 

.0442 

.0311 

Averages, 

.0043 

.0062 

.0084 

.0019 

.0067 

.0018 

.0019 

.0087 

.0048 
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The  conclusions  to  be  drawn  from  these  determinations  are :  first, 
that  those  waters  which  receive  house  drainage,  either  directly  or 
indirectly,  are  much  higher  in  free  ammonia  than  those  that  do  not; 
and,  second,  that,  during  the  colder  months  of  the  year,  the  ammonia 
is  higher  than  during  the  warmer  months.  But  there  are  so  many 
exceptions  to  these  general  rules  that  one  cannot  claim  for  them 
universal  applicability.  In  fact,  the  conditions  which  influence  the 
development  and  accumulation  of  free  ammonia  in  natural  waters 
are  so  various  that  one  must  be  extremely  cautious  in  deciding  what 
is  the  significance  of  its  presence  in  individual  cases.  From  the 
foregoing  table  of  analyses  it  is  seen  that,  even  in  normal  waters, 
the  average  contents  of  free  ammonia  is  not  the  same  from  year  to 
year.  Thus  the  average  ammonia  for  the  second  year  is  consider- 
ably less  than  for  the  first,  and  reference  to  the  last  two  columns 
shows  that  this  diflference  is  due  to  the  lower  ammonia  in  the  colder 
months  of  the  second  year  (1888-89).  An  explanation  of  this 
occurrence  may  perhaps  be  found  in  the  fact  that  the  winter  of 
1888-89  was  exceptionally  mild  and  very  little  ice  was  formed,  so 
that  growth  of  certain  plants  continued  all  winter. 

In  the  table  we  find  the  average  free  ammonia  for  the  six  months. 
May  to  October,  for  two  years  to  be  .0019  parts  per  100,000,  and 
for  the  other  six  months  .0067,  or  as  1  to  3.5.  This  diflference  is 
most  marked  in  those  waters  which'  receive  much  nitrogen  from 
outside  sources,  as  is  well  shown  in  the  last  five  waters^  on  the  list, 
in  which  the  average  relation  of  free  ammonia  in  the  warmer  to  the 
colder  months  is  .0044  to  .0248  or  1  to  5.6.  In  the  other  nineteen 
waters,  most  of  which  are  normal  or  nearly  so,  the  proportion  is 
much  lower,  namely,  .0013  to  .0020  or  1  to  1.5. 

The  most  obvious  explanation  of  the  lower  free  ammonia  in  the 
warmer  months  is  the  absorption  of  the  ammonia  by  vegetation. 
The  effect  of  water  plants  to  purify  even  polluted  waters  has  been 
already  alluded  to.  Mystic  Lake  is  a  badly  polluted  body  of  water, 
and  has  generally  much  free  ammonia  and  nitrates ;  and  yet,  when 
vegetation  is  very  active  in  this  water,  the  atnmionia  atad  nitrates  are 
brought  down  to  such  a  point  that,  froin  an  analysis  made  at  this 
time,  one  might  be  misled  as  to  the  character  of  the  water  if  the  large 
excess  of  chlorine  above  the  normal  did  not  indicate  its  pollution. 
Thus  in  the  analysis  of  this  water  for  August,  1888  (page  59),  we 
find  ammonia,  none ;  nitrogen  as  nitrates,  .0170.     The  average  free 
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ammonia  of  the  water  for  two  years  was  .0238,  and  nitrogen  as 
nitrates,  .0496  parts  per  100,000. 

But  there  are  many  other  conditions  which  influence  the  develop- 
ment or  disappearance  of  ammonia  in  natural  waters  which  must 
be  taken  into  consideration.  One  of  the  most  important  of  these 
is  the  circulation  or  stagnation  of  the  water  in  lakes  or  reservoirs. 
As  the  atmosphere  becomes  colder,  about  the  first  of  November, 
a  downward  current  sets  in  from  the  surface,  which  descends  to  a 
depth  where  the  water  has  the  same  temperature  as  the  surface. 
In  deep  lakes  of  40  feet  or  over,  the  temperature  at  the  bottom 
is,  in  this  State,  about  45^  F.  the  year  round,  so  that  the  tempera- 
ture of  the  surface  must  sink  below  this  point  before  the  whole 
body  of  water  is  in  circulation.  On  the  return  of  warm  weather, 
when  the  surface  of  the  water  is  heated  by  the  atmosphere,  circu- 
lation, due  to  differences  in  temperature,  stops,  and  there  would  be 
complete  stagnation  if  the  wind  did  not  turn  the  water  over.  This 
action  of  the  wind  does  not  extend  below  a  depth  of  about  20  feet, 
consequently  there  is,  in  bodies  of  water  of  greater  depth,  a  mass  of 
stagnant  water  below  this  level  which  can  only  receive  a  limited 
amount  of  air  through  the  contact  of  the  water  above  it.  When 
this  mass  of  stagnant  water  contains  much  matter  capable  of  under- 
going decomposition,  or  when  the  bottom  of  the  lake  or  reservoir 
is  composed  of  mud  full  of  organic  impurities,  this  lower  layer  of 
water  becomes  very  foul.  Water  drawn  from  near  the  bottom  of 
such  lakes  contains,  besides  much  ammonia,  usually  a  large  amount 
of  offensive  gases,  such  as  sulphuretted  and  carburetted  hydrogen, 
while  dissolved  oxygen  is  completely  absent.  In  foul  water  of  this 
character  the  varieties  of  animal  and  vegetable  life  which  we  find  in 
the  water  nearer  the  surface  are  almost  if  not  altogether  absent, 
and  bacteria  are  abundant. 

It  is  easy  to  see  how  it  is  that  the  waters  of  some  deep  lakes 
show  a  decided  increase  of  ammonia  in  the  late  fall  and  early  winter, 
when  the  advent  of  cold  weather  puts  these  deeper  layers  into  circu- 
lation. That  these  changes  take  place  as  described  has  been  proved 
by  determinations  of  temperature,  together  with  chemical  analyses 
of  waters,  taken  at  different  depths  in  Jamaica  Pond  for  a  period  of 
a  year.  The  details  of  this  investigation  will  be  found  in  another 
place.  Occasional  examinations  of  samples  of  water  taken  during 
the  summer  near  the  bottom  in  other  deep  lakes  have  shown  a  like 
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condition  of  affairs,  namely,  foul  smelling  water  with  much  free 
ammonia ;  an  accumulation,  in  other  words,  of  intermediate  products 
of  decomposition  of  nitrogenous  organic  matter,  the  hydrogen  com- 
pounds of  carbon,  sulphur,  phosphorus  and  nitrogen,  which,  owing 
to  the  exhaustion  of  the  supply  of  free  oxygen,  cannot  be  further 
oxidized. 

It  must  not  be  supposed,  however,  that  t^e  bottoms  of  all  deep 
lakes  are  in  this  condition.  In  the  absence  of  readily  decomposable 
organic  matter  the  water  at  the  bottom  will  not  differ  much  in  com- 
position from  that  at  the  top.  The  results  of  the  analyses  of  the 
water  of  Reservoir  4  of  the  Boston  supply  at  three  depths  —  1  foot, 
20  feet  and  40  feet  below  the  surface,  the  latter  being  near  the  bottom 
(see  pages  88  to  41)  —  show  only  a  slightly  higher  average  for  free 
ammonia  at  the  greater  depths ;  there  has  never  been  any  indication 
of  active  decomposition  going  on  Qear  the  bottom  even  in  the  summer. 
In  some  of  the  shallower  bodies  of  water  not  over  20  feet  in  depth, 
with  much  decomposing  organic  matter  on  the  bottom,  the  water 
near  the  bottom  may  become  very  foal  in  summer  during  periods  of 
calm  weather  when  there  is  no  circulation.  After  a  sufiBciently 
strong  wind  it  will  be  found  that  this  foul  layer  has  disappeared 
and  that  the  water  is  of  the  same  composition  at  all  depths. 

In  the  months  of  February  and  March,  1888,  there  was  a  very- 
general  and  marked  increase  in  the  free  ammonia  in  the  surface 
waters  throughout  the  State,  which  coincided  with  the  breaking  up 
of  the  ice.  The  following  winter  was  much  milder  and  ice  was  not 
formed  until  February,  which  lasted  only  a  few  weeks.  The  increase 
of  free  ammonia  at  this  time  was  very  much  less  marked  than  in  the 
previous  year.  Three  causes  may  have  operated  to  account  for  this 
development  of  ammonia  in  the  first  year ;  namely,  the  less  vegetable 
growth  in  the  colder  water,  the  melting  of  large  quantities  of  snow 
and  the  exclusion  of  the  air  by  the  covering  of  ice.  The  effect  of 
an  ice-covering  on  a  sewage-polluted  stream  has  been  shown  by 
Prof.  A.  R.  Leeds  in  the  case  of  the  Schuylkill  River  at  Philadelphia 
in  the  winter  of  1882-83.  In  this  case  the  oxygen  of  the  water  was 
nearly  exhausted,  and  there  was  an  actual  evolution  of  sulphuretted 
and  carburetted  hydrogen.* 

In  the  following  diagram  there  is  shown  graphically  the  average 
free  ammonia  in  forty  lakes,  ponds,  and  reservoirs  in  this  State  for 

*  Annual  report  of  Chief  Engineer  of  the  Philadelphia  Water  Department  for  1883. 
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two  years  from  June,  1887 ,  to  May,  1889.  The  high  free  ammonia 
of  the  early  months  of  the  first  year  is  in  strong  contrast  with  that 
for  the  same  period  of  the  second  year.  Further  examinations,  in 
both  mild  and  cold  winters,  will  be  necessary  to  decide  whether  this 
connection  of  great  cold  with  high  ammonia  in  ponds  is  regularly 
recurrent. 

Diagram  showing  Average  of  Free  Ammonia  in  Forty  Ponds  and  Reservoirs  for 
Two  Years,  June,  1887,  to  May^  1889. 
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In  the  foregoing  discussion  of  the  significance  of  free  ammonia 
in  surface  waters  we  have  had  in  mind  almost  exclusively  quiet 
bodies  of  water — ponds,  lakes  and  reservoirs — and  not  streams. 
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The  conditions  existing  in  flowing  waters  are  so  radically  different 
from  waters  at  rest  (or  with  but  very  slight  movement)  that  we 
cannot  expect  to  discover  in  the  analyses  of  river  waters  the  same 
effect  of  climatic  changes,  of  great  depth,  etc.,  which  we  have  noted 
in  ponds  and  reservoirs.  In  streams  the  entire  body  of  water  is  in 
movement,  and  the  inequalities  of  the  bottom  and  sides  of  the  stream 
tend  to  keep  the  water  in  a  state  of  uniformity  at  all  depths.  The 
variations  of  level  in  streams  are  greater  and  more  frequent  than 
in  ponds  and  lakes,  since  the  flow  of  streams  is  more  immediately 
dependent  on  rainfall.  High  water  and  rapid  flow  cause  roily 
water  by  the  washing  of  the  banks  and  scouring  of  the  bed  of  the 
stream,  which,  in  water  courses  usually  sluggish,  may  be  thickly 
coated  with  mud  and  decomposing  matters. 

In  seasons  of  drought  and  low  water  streams  which  receive 
sewage  or  similar  drainage  show  relatively  more  pollution  than  in 
times  of  high  water.  This  condition  goes  to  neutralize  the  tendency 
which  we  have  noted  in  the  quiet  bodies  of  water  towards  lower  free 
ammonia  in  the  warmer  months,  owing  to  the  increase  of  vegetation 
in  the  water.  The  interpretation  of  the  presence  and  amount  of 
free  ammonia  in  streams  must  therefore  be  governed  largely  by  the 
population  on  the  drainage  area,  the  amount  of  sewage  flowing  into 
the  stream  and  the  height  of  water  at  the  time  of  taking  the  sample. 

Nitrogen  as  Nitrates  and  Nitrites. — The  oxidation  of  ammonia 
which  goes  on  in  natural  waters  under  the  influence  of  micro- 
organisms results  in  the  conversion  of  all  of  the  hydrogen  into 
water  and  the  nitrogen  into  nitric  acid,  which  combines  with  soda, 
potash  or  lime  in  the  water.  Intermediate  between  the  ammonia 
and  nitric  acid  is  nitrous  acid,  a  lower  state  of  oxidation  through 
which  (presumably)  the  nitrogen  must  pass  before  it  attains  its 
highest  stage  of  oxidation  in  nitric  acid.  The  combinations  of 
nitrous  acid  with  bases  are  called  nitrites ;  those  of  nitric  acid  with 
bases,  nitrates. 

The  significance  of  the  nitrates  in  water  is  primarily  this,  namely, 
the  complete  mineralization  of  the  organic  matter  of  which  this  nitro- 
gen was  a  part.  The  inference  may  seem  justified  that  the  danger 
from  organic  contamination  is  past  when  the  organic  matter  has  ceased 
to  exist.  This  is  obviously  the  case  if  the  organic  matter  itself  is  the 
.source  of  the  danger.     But,  in  those  cases  in  which  we  have  reason 
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to  suspect  the  presence  of  disease  germs  apait  from  the  organic 
contamination  of  the  water,  there  is  no  necessary  connection  between 
the  oxidation  of  the  organic  matter  and  the  death  of  the  dis- 
ease gerins.  To  decide,  therefore,  whether  the  nitrates  in  a  water 
indicate  danger  we  must  know  the  origin  of  this  nitrogen.  The 
nitrates  in  normal  waters  represent  simply  one  stage  of  the  cycle  of 
change  of  nitrogenous  matter ;  the  nitrogen  we  find  as  nitrates  was, 
it  may  be,  a  few  hours  before  in  organized  matter  and  a  few  hours 
later  may  be  again  a  part  of  a  living  organism.  It  is  as  much  a 
source  of  life  as  a  product  of  decay.  The  total  nitrogen  of  a  body  of 
normal  surface  water  is  distributed  differently  at  different  times  ;  at 
one  season  it  is  mainly  in  the  form  of  organic  nitrogen,  at  another  it 
may  be  in  the  form  of  ammonia,  and  again  at  another  in  the  form  of 
nitrates.  If  we  leave  out  of  consideration  those  exceptional  cases 
where  decomposition  goes  on  alb  great  depth  with  insufficient  oxygen, 
we  do  not  certainly  know  whether  the  condition  of  the  nitrogen  in  a 
normal  water  has  any  sanitary  significance.  Still  we  are  probably 
right  in  supposing  that  the  two  extremes  —  namely,  nitrogen  in  a 
stable  organic  condition  and  nitrogen  as  nitrates — are  the  most  favor- 
able sanitary  conditions,  and  that  the  intermediate  stages — namely, 
ammonia  and  nitrites,  representing  the  condition  of  change  of 
organic  matter — are  less  favorable,  since  they  indicate  the  presence 
of  the  active  agents  of  this  change  and  also  perhaps  the  accumulation 
of  the  products  of  decay. 

lict  us  suppose  that,  in  the  sewage  which  flows  into  a  stream,  we 
have,  besides  much  decomposing  animal  matter,  the  bacteria  of  a 
specific  disease.  The  water,  when  freshly  contaminated  with  this 
sewage,  gives  evidence,  in  the  free  ammonia,  of  recent  pollution,  and 
we  may  then  reasonably  suppose  that  there  would  be  great  danger 
in  drinking  the  water.  After  many  miles  of  flow  of  the  stream,  the 
free  ammonia  will  perhaps  have  disappeared  and  the  water  will 
show  an  increase  of  nitrates  from  its  oxidation.  The  specific  germs 
have  had  (probably)  nothing  to  do  with  these  changes  and  the  only 
bearing  that  chemical  analysis  has  on  their  presence  or  absence  in 
the  water  is  the  indication  it  affords  of  the  time  that  has  elapsed 
since  the  sewage  entered  the  stream  and  the  amount  of  dilution. 

**  Previous  sewage  contamination,"  a  term  proposed  by  Frank- 
land,  expresses  well  the  significance  of  the  nitrates  in  such  a  case ; 
but  the  extension  of  this   idea,  namely,  that  ''once  polluted  is 
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always  polluted  ^  is  not  true  chemically,  nor  is  it  probably  true  in 
a  sanitary  sense.  Still  the  time  required  for  the  chemical  changes 
involved  in  the  oxidation  of  the  nitrogenous  matter  of  the  sewage 
or  its  absorption  by  growing  plants  is  not  inconsiderable,  and  we 
have  no  means  of  knowing  with  certainty  in  surfiu^e  waters  when 
they  are  complete. 

The  amount  of  nitrogen  in  the  form  of  nitrates  in  normal  surface 
waters  is  not  usually  great,  but  it  is  seldom  that  nitrates  are  com- 
pletely absent.  The  average  amount  of  nitrogen  as  nitrates  in  any 
water  is  almost  always  greater  than  that  present  as  free  ammonia, 
but  there  is  no  constant  relation  between  the  nitrogen  in  the  two 
conditions. 

In  the  accompanying  table  may  be  seen  the  average  nitrogen  as 
nitrates  and  nitrites  in  the  same  waters  and  in  the  same  order  in 
which  the  free  ammonia  was  given,  on  page  551.  It  will  be  noticed 
that  the  order  of  increasing  nitrates  is  not  the  same  as  for  the  free 
ammonia  in  these  waters,  although  the  lower  members  on  the  list, 
which  include  the  waters  which  are  more  or  less  contaminated  bj 
house  drainage,  are  noticeably  higher  in  nitratea  tbm  the  normal 
waters. 
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Nitrogen  as  Nitrates  and  Nitrites  in  Surface  Waters,  Averages. 
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SOUKCE  OF  WATER, 
FONDS  AND  BESEBV0IB8. 
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s«i 

CO 

Avera 
Year 
1888, 
1880^ 

.11 

FaU  RiTer,  Watnppa  Lake,  .... 

.OOM 

.0042 

.0066 

.00018 

.00005 

.00021 

Fltehburg,  Bcott  lUaervolr,  .... 

.0034 

.0020 

.0047 

.00014 

.00010 

.00017 

Mftrlboroagh,  Lake  WllUams,      . 

.00S8 

.0024 

.0081 

.00012 

.00007 

.00018 

Maiden.  Spot  Pond. 

.0044 

.0035 

.0055 

.00015 

.00007 

.00023 

Danvera.  Middleton  Pond.    .... 

.0040 

.OOU 

.0053 

.00010 

.00008 

.00012 

Woreeater,  TatAuck  Brook  Boaervoir, 

.0038 

.0031 

.0046 

.00011 

.00008 

.00015 

Chleopee.  Dingle  Brook  Beaervoir.     . 

.0138 

.0072 

.0203 

.00024 

.00020 

.00027 

Fltehbiii:g,  Overlook  Reaervoir.   . 

.0041 

.0020 

.0062 

.00012 

.00008 

.00017 

Hndaon.  Gatea  Pood.    ..... 

.0056 

.0036 

.0076 

.00009 

.00018 

.00006 

New  Bedford.  Acoahnet  Reservoir.     . 

.0150 

.0130 

.0172 

.00016 

.00015 

.00017 

Salcm,  Wenham  Lake, 

.0047 

.0025 

.0070 

.00012 

.00010 

.00016 

Lynn.  Breed'a  Pond. 

.0M2 

.0021 

.0062 

.00019 

.00015 

.00022 

Springfield,  Lndlow  Beaervoir,    . 

.0080 

.0020 

.OMI 

.00021 

.00018 

.00026 

Lynn.  Birch  Pond, 

.0005 

.0036 

.0092 

.00016 

.owu 

.00018 

Montagne,  Lake  PleaaanW     .       .       .       . 

.0064 

.0027 

.0008 

.00004 

.00002 

.00007 

Eaathampton  Beaervoir,       .       .       .       . 

.0140 

.0078 

.0191 

.00022 

.00017 

.00027 

Brockton.  Saliabnry  Brook  Beaervoir. 

.0058 

.0046 

.0078 

.00012 

.00010 

.00018 

Wincheater.  Storage  Beaervoir.  . 

.0104 

.0070 

.0140 

.00032 

.00080 

.00033 

Worcester,  Lynde  Brook  Beaervoir,  . 

.0062 

.0044 

.0078 

.00018 

.00018 

.00023 

NaUck,  Dag  Pond, 

.0238 

.0104 

.0815 

.00042 

.00035 

.00048 

Cambridge,  Freah  Pond 

.0281 

.0262 

.0301 

.*00072 

.00066 

.00079 

Wobnm.  Oom  Pond, 

.0452 

.0200 

.0704 

.0C132 

.00098 

.00166 

Boston,  Jamaica  Pond, 

.0160 

.0048 

.0263 

.00034 

.00023 

.00036 

MyaticTiake. 

.0496 

.0292 

.0703 

.00162 

.00175 

.00150 

Averages,. 

.0128. 

.0072 

.0167 

.00031 

.00027 

.00086 

As  in  the  case  of  free  ammonia,  a  decided  difference  between  the 
warmer  and  colder  months  of  the  year  is  noticed  in  the  amount  of 
the  nitrates.  Here,  again,  we  think  we  make  no  mistake  in  ex- 
plaining the  lower  nitrates  in  warm  weather  by  the  more  abundant 
vegetation.  This  explanation  has  the  support  of  actual  experiment 
in  the  laboratory,  where  growing  algte  have  been  placed  in  water 
with  known  contents  of  nitrates,  with  the  result  that  the  growing 
plants  have  absorbed  the  nitrates  almost  completely. 
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This  may  be  also  observed  on  a  large  scale  in  those  cases  where 
a  ground  water  with  abundant  nitrates  is  exposed  to  air  and  light  in 
open  reservoirs.  Under  these  conditions  there  is  generally  a  rapid 
development  of  vegetable  organisms,  and  analysis  shows  that  this 
growth  is  supported  by  the  nitrates  in  the  water,  which  disappear 
in  proportion  as  the  organisms  increase.  Interesting  instances  of 
this  may  be  found  in  the  records  of  analyses  in  the  preceding 
pages  of  ground  waters  in  their  natural  condition  and  after 
exposure  in  open  reservoirs,  where  it  will  be  seen  that  the 
nitrates  in  the  reservoir  are  lower  than  in  the  water  as  it  exists 
in  the  ground,  and  that  the  albuminoid  ammonia  is  higher,  owing 
to  this  vegetable  growth.*  , 

The  algae  which  thrive  in  this  ground  water,  when  exposed  to  the 
air  and  light,  often  impart  to  the  water  a  strong  odor,  which  is 
sometimes  so  repellent  as  to  make  the  water  unfit  for  drinking. 
Fortunately  there  is  a  simple  remedy  to  prevent  the  growth  of  the 
algee,  namely,  the  protection  of  the  water  from  light  by  covering 
the  reservoir.  In  the  high- service  tank  of  the  Brookline  Water 
Works  this  has  been  done,  with  the  result  that  the  water  is  pre- 
served in  its  original  condition.  This  may  be  seen  by  comparing 
the  analyses  of  the  water  as  pumped  from  the  filter-gallery,  as 
supplied  from  this  tank  and  as  supplied  from  the  low-service  open 
reservoir  (see  pages  81-84). f 

Experiments  have  also  been  made  with  the  ground  water  supply 
of  Hyde  Park,  by  protecting  the  water  in  the  gate  house  from  the 
light.  It  was  foupd  that,  while  in  the  water  in  the  open  reservoir 
there  was  abundant  growth  of  algse  with  nearly  complete  exhaustion 
of  the  nitrates,  the  water  in  the  gate  house  was  practically  un- 
changed. A  covered  tank  is  now  being  built  by  the  Hyde  Park 
Water  Company  to  replace  the  open  reservoir. 

The  intermediate  condition  of  oxidation  between  ammonia  and 
nitric  acid,  namely  nitrous  acid,  is  not  usually  present  in  surface 
waters  to  any  large  extent.  In  looking  over  the  foregoing  table,  it 
will  be  noticed  that  the  average  amount  of  nitrogen  in  the  form  of 
nitrites  for  one  year  in  the  twenty-four  waters  is  only  .00031  parts 
per  100,000. 

♦  Following  are  some  of  the  cases  aboTe  reftired  to :  Ayer,  pp.  26, 27;  Brookline,  pp.  81- 
88;  Cohasset,  pp.  105-107;  Hyde  Park,  pp.  168-166;  Walthaxn,  pp.  324-326;  Wobnm,  pp.  367- 
369. 

t  See  Report  of  Mr.  0.  H.  Parker,  following. 
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The  extremes,  however,  are  very  far  apart;  the  lowest  being 
.00004  parts  per  100,000  in  the  water  of  Lake  Pleasant  and  'the 
highest  .00162  in  the  water  of  Mystic  Lake,  a  relation  of  1  to  40. 
In  this  respect  the  nitrites  resemble  the  free  ammonia,  which  in  this 
set  of  twenty-four  waters  varies  widely.  Thus  the  lowest  free 
ammonia  is  .0005  for  Watuppa  Lake  and  the  highest  .0235  for 
Mystic  Lake,  or  1  to  47.  In  contrast  to  this  wide  variation  of  the 
nitrites  and  ammonia  is  the  more  limited  range  of  the  nitrates, 
which  vary  from  .0034  in  the  water  of  Scott  Reservoir  in  Fitchburg 
to  .0496  in  Mystic  Lake,  or  as  1  to  15. 

Notwithstanding  the  very  small  amount  of  nitrogen  as  nitrites  in 
surface  waters,  even  those  which  are  considerably  polluted,  its 
presence  is  of  great  significance.  It  will  be  seen  from  the  table  that 
only  four  of  the  waters  have  an  average  contents  of  nitrogen  as 
nitrites  over  .0004,  and  these  are  known  to  receive,  directly  or 
indirectly,  considerable  drainage ;  and  the  two  waters  which  are  over 
.0010,  namely,  Horn  Pond  and  Mystic  Lake,  receive  sewage  directly 
in  considerable  quantities. 

The  difference  between  the  warmer  and  the  colder  months  is  not, 
as  a  rule,  so  marked  in  the  case  of  nitrites  as  in  that  of  nitrates 
and  free  ammonia;  the  significance  of  the  nitrites  as  an  index 
of  pollution  is,  therefore,  less  dependent  on  the  season  of  the  year. 

When  we  speak  of  a  water  having  <«high"  nitrites,  we  have  in 
mind  the  general  low  contents  of  nitrites  in  surface  waters.  The 
actual  amount  which  would  be  called  *'  high"  in  this  case  might  be 
low  if  applied  to  ammonia  or  to  nitrates.  Thus  .0010  parts  in 
100,000  of  nitrogen  as  ammonia  we  would  call  <*  low ;"  as  nitrites  it 
would  be  "  high,*'  as  nitrates  "  very  low." 

High  free  ammonia  and  high  nitrites  together  are  characteristic  of 
recent  pollution,  and  when  they  are  uniformly  high  in  a  surface 
water  they  point  to  continuous  pollution.  In  connection  with 
chlorine  above  the  normal  they  afford  complete  proof  of  sewage  con- 
tamination. When,  however,  the  chlorine  is'  not  much  above  the 
normal  in  waters  which  show  high  free  ammonia  and  nitrites,  the 
inference  to  be  drawn  from  these  products  of  decomposition  is  that 
we  have  to  do  with  pollution  from  farm  yards  or  from  manured 
fields ;  a  distinction  which  it  is  frequently  very  important  to  make. 

On  the  maps  of  the  Hoosac,  Housa tonic  and  Nashua  rivers  (pages 
423,  431,  472)  are  given  the  results  of  special  examinations  of  the 
water  of  these  streams  below  points  of  known  pollution  by  sewage. 
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Within  the  squares  are  figures  representing  the  free  ammonia, 
chlorine,  and  nitrogen  as  nitrites  at  different  points  on  these  rivers. 
In  every  case  of  recent  pollution  by  sewage  in  these  streams  the 
increase  of  all  three  of  these  substances  is  noted ;  and  their  sub- 
sequent decrease,  at  points  lower  down  in  the  stream,  is  owing  to 
dilution  and  to  the  further  oxidation  of  the  nitrogen  to  nitrates. 

In  the  waters  of  Horn  Pond  and  Mystic  Lake  we  have  (pages  369 
and  59)  instances  of  continuous  animal  pollution  from  the  extensive 
tanneries  and  from  the  drainage  of  a  large  population  in  the  Mystic 
valley.  An  extreme  case  is  found  in  the  Water  of  Stacy^s  Brook  in 
Swumpscotty  —  a  stream  continuously  and  badly  polluted  by  house 
drainage,  —  in  which  the  average  nitrogen  as  nitrites  for  eighteen 
months  was  .0069  parts  per  100,000,  varying  from  .0012  to  .0200. 

In  the  foregoing  discussion  we  have  assumed  the  nitrogen  present 
in  water  to  have  its  source  in  animal  and  vegetable  life ;  that  is  to 
say,  we  have  assumed  the  sanitary  significance  of  this  nitrogen  to  be 
in  sdme  way  connected  with  organisms  and  the  products  of  their 
decomposition.  There  is  another  direct  source  of  this  nitrogen, 
namely,  the  ammonia  and  nitrates  in  the  rain.  Rain  water  always 
contains  free  ammonia,  that  falling  in  cities  containing  more  usually 
than  that  which  falls  in  the  open  country. 

Following  are  some  analyses  of  rain  from  different  localities  :  — 

Analyses  of  Bain  Water. 

[Partf  per  100,000.] 


COLLBCTKD  AT 

Ammonia. 

NlTBOOB*  A8 

Chlo- 
rine. 

Datk. 

Free. 

Alba- 
mlnold. 

Nitrates. 

NlttltM. 

1SS8. 

Jnly    7,  .       . 

Sept.  18,  . 
Sept.  21,   . 
Oct.    2,    .        . 

TfArth  AndAvnr 

.0047 

.0088 
.0020 
.0024 
.0030 
.0014 

.0020 
.0162 

.0034 

.0088 

.0070 
.0040 
.0000 
.0100 
.0050 

.0090 
.0180 

.0060 

.0090 

.0000 
.0000 
.0000 
.0000 
.0002 

.0001 
.0004 

.0001 

North  Andoyeri    .... 
Li&wreQoe,      .       •       .       •       • 

.0016 
.0298 

.007 

Lawrence, 

.0414 

Nov.  27,   .       . 

1S89. 

UtLj  21,   .        . 

Jime  17,  .       . 

1S90. 

Mar.  28,   .        . 

1»87. 

Dec.  20,  . 

Lawrence 

LawranM,     •       •       .       .       . 

.01&4 
.0066 

.960 
.070 

Jamaica  Plain,  Boiton, 

Newton  Highlands, 

Boston  (Snow),    .... 

.0604 
.0164 
.0268 

.190 
.060 
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Warrington  gives  the  average  amount  of  ammonia  in  the  monthly 
rainfall  at  Rothamstead  in  England  as  0.0425  part  per  100,000,  which 
is  eqaal  to  2.4  pounds  of  nitrogen  on  the  acre  with  a  rainfall  of  30.22 
inches.  The  amount  of  organic  and  nitric  nitrogen  in  rain  is  not 
insignificant,  but  it  seldom  equals  that  in  the  form  of  ammonia. 

When  rain,  particularly  that  first  falling,  is  collected  in  a  clean  glass 
bottle,  it  is  seen  to  be  quite  dirty.  In  cities  where  the  air  is  full  of 
soot  this  is  very  marked,  but  even  in  the  open  country  the  floating 
matter  in  the  atmosphere  is  considerable.  At  the  close  of  a  pro- 
tracted rain,  the  water  may  be  nearly  or  quite  clear,  since  the  air  has 
then  been  washed  clean ;  and  the  ammonia  is  also  less  than  at  the 
beginning  of  the  rainfall.  A  part  of  the  ammonia  in  the  rain  water 
has  its  origin  in  the  direct  formation  of  ammonia  from  the  nitrogen 
of  the  air  and  the  hydrogen  of  the  watery  vapor,  but  its  main 
source  is  undoubtedly  in  animal  exhalations,  fine  particles  of  organic 
dust,  gaseous  products  of  decay,  etc. 

Although  the  amount  of  ammonia  in  rain  water  is  often  quite 
large,  yet  the  effect  of  any  one  rainfall  on  the  amount  of  the 
ammonia  in  large  bodies  of  water  is  scarcely  noticeable.  In  the 
case  of  streams  the  effect  of  heavy  rains  in  washing  the  banks  and 
stirring  up  the  bottoms  would  probably  influence  the  amount  of 
ammonia  in  the  water  more  than  the  ammonia  contained  in  the 
rain  itself.  In  the  rapid  melting  of  large  bodies  of  snow  during  the 
spring  it  is  not  unlikely  that  the  ammonia  thus  contributed  to 
streams  and  ponds  may  be  appreciable.  But  on  this  point  we  lack 
experimental  data. 

Rain  water  stored  in  cool  under-ground  cisterns  protected  from 
the  light  often  preserves  its  high  free  ammonia.  In  such  cases  we 
must  assume  the  absence  of  active  nitrifying  conditions.  Practice 
differs  in  different  places  in  the  collection  and  storage  of  rain  water. 
In  some  places  it  is  merely  allowed  to  settle  and  (after  a  so-called 
period  of  **  fermentation,"  in  which  process  the  organic  matter  is 
oxidized)  to  come  to  a  stable  condition.  In  others  the  water  is 
filtered  through  a  fine  porous  material  such  as  brick.  In  any  case 
the  first  portion  of  the  rainfall  should  run  to  waste,  since  it  not 
only  contains  the  dirt  in  Ihe  atmosphere  but  also  that  on  the  col- 
lecting surfaces.  Rain  water  collected  from  clean  surfaces  carefully 
stored  and  protected  from  access  of  surface  and  ground  water  is 
believed  to  be  one  of  the  most  wholesome  of  water  supplies.  We 
do  not 9  therefore,  attach  the' same  importance  to  the  presence  of  free 
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ammonia  in  rain  water  that  we  do  in  the  case  of  surface  and  ground 
waters.  If  disease  germs  should  be  in  the  air,  it  is  probable  that  they 
would  also  be  in  the  collected  rain ;  but  of  this  mode  of  the  causation 
of  disease  it  cannot  be  said  that  we  have  as  yet  any  evidence. 

Tlie  Residue  of  Evaporation.  — The  amount  of  dissolved  mineral 
matter  in  normal  waters  depends  on  the  character  of  the  rocks  and 
soils  over  and  through  which  the  waters  flow,  and  also  on  the  time  of 
contact  with  the  rocks.  Silicious  rocks  are  attacked  very  slightly 
by  natural  waters,  but  the  limestones,  both  pure  and  magnesian,  are 
dissolved  quite  readily,  the  lime  and  magnesia  going  into  solution 
as  bicarbonates.  The  older  rocks  and  drift  in  Massachusetts  are 
mainly  silicious  and  give  up  very  little  mineral  matter  to  the  rain 
that  flows  over  them  and  percolates  through  them.  In  the  eastern 
and  central  part  of  the  State  the  fixed  solids  of  the  normal  surface 
waters  are  very  low,  seldom  reaching  4  parts  per  100,000  (or  2.34 
grains  per  gallon)  and  in  many  cases  not  half  this  amount.  In  the 
limestone  formations,  in  the  western  part  of  the  State,  the  fixed 
solids  are  somewhat  higher,  but  they  seldom  exceed  5  or  6  parts 
per  100,000  in  normal  waters. 

The  hardness  of  a  water  depends  on  the  amount  of  dissolved  lime 
and  magnesia,  which  (particularly  the  lime)  have  the  property  of 
making  a  curd  with  soap  and  preventing  the  formation  of  a  lather 
until  all  the  lime  and  magnesia  }iave  entered  into  combination  with 
the  fat  acids  of  the  soap.  It  will  be  seen  in  the  tabulated  results  of 
analyses  of  the  waters  of  the  State  that  most  of  the  normal  surface 
waters  have  a  hardness  under  2,  and  many  under  1.  Some  of  the 
hardest  of  the  normal  waters  are  as  follows :  — 

Mohawk  Lake,  Stockbridge, .11.5 

Dry  Brook  Storage  Reservoir,  Adams, 6.1 

Tannery  Brook,  Holyoke, 4.0 

Distributing  Reservoir,  Lenox, 3.4 

Glen  Brook  Storage  Reservoir,  Greenfield,       .        .        .        .2.6 

—  all  in  the  western  part  of  the  State.  With  the  exception  of  the 
first  mentioned  these  waters  would  all  be  considered  soft  in  com- 
parison with  the  water  supplies  of  many  States,  where,  as  in  central 
New  York,  Michigan  and  Wisconsin,  there  are  extensive  limestone 
and  gypsum  formations. 

Surface  waters  which  receive  the  drainage  of  regions  with  large 
population  contain  more  dissolved  mineral  matter  than  the  normal 
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waters  of  the  locality.  In  the  analysis  of  sewage  given  on  page  538 
it  will  be  seen  that  the  fixed  solids  in  solution  are  23.53  parts  per 
100,000,  which  is  much  higher  than  is  found  in  any  of  the  surface 
waters  of  the  State.  The  effect  of  even  a  comparatively  small 
amount  of  sewage  or  house  drainage  is  consequently  noticeable  in 
the  increase  of  the  mineral  contents  of  the  streams.  Thus  the 
normal  fixed  solids  of  the  Sudbury  River  are  represented  probably 
by  Reservoir  No.  4  in  Ashland,  namely,  2.39  parts  per  100,000 
(average  of  three  depths),  with  a  hardness  of  1.3.  Stony  Brook, 
which  supplies  Reservoir  No.  3,  receives  a  good  deal  of  drainage, 
directly  and  indirectly,  from  the  considerable  population  on  its 
drainage  area,  and  we  find  its  fixed  solids  to  be  4.73,  with  a  hard- 
ness of  1.8.  Instances  of  still  more  marked  pollution  in  another 
drainage  area  are  Horn  Pond  and  Mystic  Lake,  in  which  the  fixed 
solids  are  10.87  and  9.09  respectively,  with  hardness  of  3.1  and  3.4. 

The  question  of  the  sanitary  importance  of  dissolved  mineral 
matter  in  surface  waters  is  one  of  which  but  little  need  be  said.  In 
this  State  the  amount  is,  in  all  the  water  supplies,  much  less  than 
that  contained  in  many  approved  water  supplies  in  other  parts  of 
the  world.  A  comparison  of  the  death  rates  of  cities  in  England 
based  on  the  use  of  soft  and  hard  drinking  waters  did  not  point  to 
any  essential  difference.  It  has  been  claimed  by  some  that  the  use 
of  hard  waters  is  advantageous  by  reason  of  the  lime  they  contain, 
but  this  notion  seems  rather  fanciful  when  we  reflect  what  a  small 
contribution  to  the  formation  of  bones  the  use  of  a  moderately  hard 
water  would  be. 

The  *'loss  on  ignition"  of  the  solid  residue  on  evaporation  of 
surface  waters,  when  the  operation  is  performed  as  described  in  the 
**  Methods  of  Analysis,"  gives  a  close  approximation  to  the  total 
organic  matter  in  the  water  irrespective  of  its  character.  We  attach 
comparatively  little  significance  to  this  determination  from  a  sanitary 
point  of  view,  since  we  get  from  it  but  little  light  on  the  nature  of 
the  organic  matter  present.  The  behavior  on  ignition  is  how- 
ever somewhat  significant.  Thus  swampy  waters  give  a  brown 
residue  on  evaporation  to  dryness,  which  blackens  or  chars  on 
ignition,  and  this  black  substance  burns  off  quite  slowly.  The 
odor  of  the  charring  is  peaty,  or  like  charring  wood ;  sometimes 
sweetish,  .but  not  offensive.  Waters  much  polluted  by  sewage 
blacken  slightly,  the  black  particles  bui*n  off  quickly  and  the  odor 
is  disagreeable.     Taken  by  themselves  the  results  of  the  ignition  of 
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the  solid  residue  are  not  decisive  of  the  character  of  the  water,  but 
they  are  usefal  as  supplementing  and  confirming  the  results  of  the 
nitrogen  determinations.  ' 

Turbidity  and  Sediment. — A  careful  inspection  of  waters  in  a 
large  white  glass  bottle  will  reveal,  even  to  the  unaided  eye,  the 
general  character  of  the  suspended  matters  in  the  water.  Many  of 
the  vegetable  and  animal  organisms  usually  called  microscopic  can 
be  recognized  by  the  trained  observer.  But  any  one  can  with  a 
little  experience  distinguish  the  larger  organisms,  the  fiocculent 
debris  of  organic  matter,  the  milkiness  that  comes  from  clay  and 
that  which  comes  from  sewage,  and  the  earthy  sediment.  In  some 
cases  we  may  be  able  to  draw  important  conclusions  from  the  inspec- 
tion alotie,  but  it  is  mainly  valuable  when  taken  in  connection  with 
the  chemical  analysis  of  the  filtered  and  unfiltered  water  and  supple- 
mented by  a  thorough  microscopical  examination. 

The  sanitary  significance  of  the  presence  of  living  organisms  in 
the  water  rests  chiefly  on  the  fact  that,  when  an  organism  is  manifestly 
thriving  in  a  water,  there  must  be  present  an  abundant  and  appro- 
priate food  supply.  Thus  the  presence  of  green  al^  indicates  that 
there  is  food  for  them  in  the  mineral  constituents  of  the  water  (includ- 
ing ammonia  and  nitrates) ,  while  certain  infusoria  which  do  duty  as 
scavengers  in  water  point  to  the  existence  of  organic  matter  under- 
going decay.  But  this  subject  belongs  properly  to  the  biologist,  and 
need  not  be  further  discussed  here. 

Color.  —  The  color  we  observe  in  surface  waters  is  derived  from 
leaves  and  grasses  and  peat.  Long  contact  of  the  water  with  the 
vegetation  of  swamps  gives  it  a  deep  yellowish-brown  color.  It  has 
already  been  mentioned  that  this  coloring  matter,  which  contains 
considerable  nitrogen,  is  remarkably  permanent;  that  is  to  say,  it 
has  but  little  tendency  to  oxidize  under  ordinary  conditions. 

There  is  a  general  correspondence  between  the  depth  of  color  and 
the  amount  of  dissolved  organic  nitrogen  in  the  water ;  or,  in  other 
words,  the  amount  of  albuminoid  ammonia  increases,  generally,  with 
the  depth  of  the  color.  There  are,  however,  many  exceptions  to 
the  rule,  which  the  following  experiments  on  leaves  and  peat  may 
perhaps  serve  to  explain.  By  treating  fresh,  clean  autumn  leaves 
with  distilled  water,  it  was  found  that  the  first  extract  (which  is 
rather  more  yellow  and  less  brown)  was  much  more  highly  nitro- 
genous for  the  same  depth  of  color  than  those  made  by  subsequent 
treatments  with  water.     Different  leaves,  —  as  maple,  oak  and  elm, 


Digitized  by  LjOOQIC 


1889.] 


WATEE  SUPPLY  AND  SEWERAGE. 


567 


—  it  was  also  found,  give  to  water  by  identical  treatment  different 
degrees  of  color  and  albuminoid  ammonia.  Old  peat  yields  to 
water  much  less  nitrogenous  matter  in  proportion  to  the  color  than 
do  the  fresh  leaves. 

The  nitrogenous  character  of  this  brown  coloring  matter  may  be 
shown  by  treatment  of  the  water  with  hydrate  of  alumina,  which 
combines  with  the  coloring  matter  and  gives  a  colorless  water  when 
the  alumina  settles  or  is  filtered  out.  The  following  table  gives  a 
summary  of  the  results  of  analyses  of  these  artificial  solutions  of 
coloring  matters  and  also  of  some  natural  waters :  — 


Relation  of  Color  to  Albuminoid  Ammonia. 


Cblor. 


▲IlHI. 

mlnold 


Albuminoid 
AmmonUn 

After 

Decolorizing 

with 

Alumina. 


Per  Cent,  of 

Albu- 
minoid Am- 
monia 
removed. 


Peat  aolntloD, 

Freah  leaf  eolntionf 

Seeood  extract  of  eame  leavea,        ...... 

Bolutton  of  old  leavea  which  had  been  repeatedly  extracted 
with  waier» 

Middleton  PoDd» 

Aaaabet  River 

Taunton  River 


2.0 
0.8 
0.8 


0,9 


0.8 


1.4 
8.6 


.0618 
.0494 
.0174 

.0073 
.0224 
.0848 
.0400 


.0136 
.0100 
.0038 

.0018 
.0042 


73.7 
70.8 
70.8 

76.0 
81 .8 

88.6 
84.0 


Odor.  — Pure  water  is  odorless ;  consequently  waters  which  have 
a  perceptible  odor  are  not  acceptable  for  drinking.  Except  in  cases 
where  the  odor  is  very  faint  it  does  not  require  any  special  appar- 
atusy  skill,  or  experience  to  detect  an  odor  in  water ;  hence  the 
judgment  of  one  is  as  good  as  another  in  this  respect.  But,  in 
drawing  inferences  as  to  the  origin  and  significance  of  an  odor,  the 
judgment  may  go  very  far  astray. 

Most  normal  surface  waters  in  Massachusetts,  particularly  those 
which  are  colored,  have  a  perceptible  odor  when  examined  in  the 
way  described  under  the  '^  Methods  of  Analysis."  This  odor  may 
be  said,  in  general,  to  be  vegetable  —  swampy,  marshy,  pond-like, 
grassy ;  and  it  is  often  persistent  when  the  water  is  heated. 

When  the  odor  which  we  perceive  in  a  natural  water  is  due  to 
dissolved  gases,  the  odor  will  disappear  when  the  water  is  boiled. 
K  water  does  not  contain  any  organic  matter  capable  of  gener* 
ating  more  of  the  same  gases,  then  the  odor  is  removed  by  boiling 
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once  for  all ;  but,  if  dissolved  or  suspended  matter  in  the  water  is 
the  source  of  the  odor,  then  it  may  develop  again  in  time.  Following 
is  an  interesting  experiment  bearing  on  this  point.  Many  waters 
with  abundant  growth  of  algse  have  a  decided  vegetable  or  grassy 
odor  which  is  intensified  by  long  continued  boiling.  If  in  such 
waters  the  algee  be  filtered  out  before  the  water  is  heated ,  there  will 
be  absolutely  no  odor  when  the  water  is  broi^ht  to  a  boil.  In  such 
a  case  it  is  clear  that  the  suspended  algsB  are  the  source  of  the 
odor,  and  the  fact  that  the  same  odorous  products  can  be  distilled 
out  by  long  continued  heating  seems  to  point  to  the  fact  that  the 
odor  is  inherent  in  the  organisms  themselves. 

This  distinction  between  the  odor  cold  and  hot  —  between  the  odor 
which  exists  ready  formed  in  water  and  that  which  it  is  capable  of 
developing  when  heated  —  may  sometimes  lead  to  valuable  results  in 
investigating  the  nature  and  condition  of  the  organic  matter  in 
solution  and  in  suspension  in  the  water. 

Many  normal  waters  have  at  times  pTonoMnced  disagreeable  odors  ; 
this  condition  is  popularly  referred  to  decay  of  some  kind  going  on  in 
the  water.  On  this  point  there  is  a  difference  of  opinion  among  water 
analysts  and  biologists. 

The  writer  has  been  disposed  to  regard  these  odors  as  frequently, 
if  not  generally,  the  odors  of  the  orgatiisttis  themselves  rather  than 
the  result  of  their  decay.  This  has  seemed  to  him  probable,  first, 
because  the  odors  are  not  usually  of  a  kind  that  (to  him)  suggest 
decay;  second,  because  the  odor  is  frequently  persistent  on  long 
continued  heating  of  the  water,  indicating  that  the  odor  was  being 
distilled  out  of  the  organisms  ;  and,  third,  because  of  the  absence  of 
free  ammonia  —  one  of  the  first  products  of  decay  —  in  many  cases 
where  the  odor  is  very  strong. 

It  is  not  unusual  to  have  an  odor  described  by  different  per- 
sons in  different  ways.  The  odor  which  often  accompanies  an 
abundant  development  of  diatoms  affords  a  good  illustration.  It 
will  be  called  offensive,  rotten,  fishy,  geranium-like,  aromatic,  in 
one  and  the  same  sample  of  water.  For  those  who  find  the  odor 
offensive,  the  water  is  unfit  to  drink ;  to  those  who  merely  perceive 
a  slight  aromatic  odor,  the  water  is  unobjectionable.  In  most  cases 
of  this  kind  there  is  no  chemical  evidence  of  decay  going  on.  The 
argument  based  on  the  absence  of  products  of  decay  may  not  how- 
ever be  conclusive  when  we  consider  the  penetrating  character  of 
some  odors :  that  is  to  say,  tbe  actual  amount  of  organic  matter  in 
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the  state  of  decay  may  be  so  small  as  to  be  inappreciable  to  chemical 
tests  and  yet  communicate  a  bad  odor  to  the  water. 

Some  odors  are  known  to  be  result  of  decay ;  for  instance,  the 
pig-pen  odor  comes  from  the  decay  of  the  jelly  of  the  blue*green 
algae,  and  the  bad  odor  of  the  Boston  water  in  1881  was  referred  by 
Professor  Remsen  to  the  decomposition  of  a  fresh^water  sponge. 

The  foul  condition  of  the  water  near  the  bottom  in  some  ponds 
and  reservoirs  has  already  been  alluded  to.  This  is  due  to  putre- 
faction of  organic  matter  when  there  is  little  or  no  dissolved  oxygen 
in  the  water.  But  it  is  not  odors  of  this  kind  which  we  now  have 
in  mind. 

Mr.  G.  11.  Parker,  in  his  *<  Report  on  the  Organisms  in  the 
Waters/'  has  arrived  at  the  conclusion,  from  a  study  of  the  recorded 
odors  and  the  observed  organisms,  that  the  disagreeable  odors  are 
generally  the  evidence  of  the  decay  of  the  organisms.  It  is  unfor- 
tunate that  there  should  be  any  uncertainty  about  the  cause  and 
significance  of  these  odors,  for  it  immediately  concerns  the  well 
being  of  many  large  communities  dependent  on  surface  water  sup- 
plies. The  subject  is  under  investigation  by  engineers,  biologists, 
and  chemists  in  many  localities  with'  the  hope  of  discovering  the 
causes  of  the  trouble  and  suggesting  remedies  for  relief. 

The  odor  that  comes  from  sewage  contamination  in  water  is 
very  different  from  that  class  of  odors  which  we  have  been  con- 
sidering. A  stream  badly  polluted  by  sewage,  such  as  the  Black- 
stone  at  Millbury,  has  more  or  less  the  odor  of  sewage  itself.  In 
more  dilute  condition  the  odor  is  musty,  both  cold  and  hot ;  this 
is  quite  characteristic.  But  it  must  not  be  supposed  that  the  sense 
of  smell  furnishes  us  with  a  delicate  test  for  the  detection  of  sewage 
contamination.  When  we  perceive  this  mustiness  even  faintly,  the 
water  is  generally  badly  polluted,  considered  from  the  standpoint  of 
a  drinking  water.  Still  greater  dilution  of  the  sewage  will  give  a 
mouldy  odor,  but  this  is  not  characteristic.  Many  normal  surface 
waters  acquire  a  mouldy  odor  on  standing,  and  the  odor  of  diatoms 
and  other  algaB  is  by  some  called  mouldy. 

Ground  Waters. 

The  appearance  and  composition  of  ground  waters  are  so  radically 

different  from  surface  waters  that  they  cannot  be  judged  by  the 

same  standards.    Normal  surface  waters,  exposed  to  light  and  air, 

may  contain  organic  matter  in  considerable  quantity  both  in  solution 
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and  suspension,  may  be  deeply  colored  and  may  abound  in  living 
vegetable  and  animal  organisms.  Normal  ground  waters,  from  which 
light  is  excluded  and  to  which  air  may  have  scanty  or  no  access, 
should  have  no  color,  no  life,  no  suspended  matter  and  little  or  no 
organic  matter  in  solution. 

Surface  and  ground  waters  do  not  have  an  independent  existence ; 
they  both  have  their  origin  in  rain  and  both  flow  towards  the  sea. 
Surface  waters,  when  they  percolate  into  the  soil  or  run  into  rock 
fissures,  become  ground  waters,  which  in  turn  feed  the  streams  and 
maintain  the  regularity  of  their  flow. 

But,  notwithstanding  this  interchange  of  position,  the  two  classes 
of  waters  are  sharply  distinguished  from  each  other,  a  change  of 
character  accompanying  a  change  to  or  from  the  surface.  Thus 
ponds  which  are  largely  fed  by  springs  and  receive  but  little  water 
from  the  surface  bear  evidence  of  their  sub-surface  origin  in  absence 
of  color  and  it  may  be  also  in  higher  mineral  contents,  but  they  will 
always  have  some  aquatic  life  as  the  result  of  exposure  to  light  and 
air.  On  the  other  hand,  surface  waters  which  filter  slowly  and  for 
a  considerable  distance  through  porous  soil  are  not  only  freed  from 
suspended  matter  but  their  organic  contents  are  destroyed  by  oxi- 
dation ;  and  colorless,  clear  and  odorless  water  is  the  result. 

The  soil  best  adapted  for  this  combined  process  of  filtration  and 
oxidation  is  one  of  considerable  porosity,  sandy  or  gravelly  in  char- 
acter, throughout  which  the  water  may  be  exposed  in  thin  layers  to 
the  oxidizing  action  of  the  air.  Too  coarse  and  too  fine  material 
are  alike  unfavorable;  the  former  permits  too  rapid  flow  of  the 
water,  the  latter  does  not  give  sufficient  access  of  air.  In  open, 
seamy  rocks  water  may  descend  to  great  depths  with  little  ov  no 
change  in  composition,  and  in  clayey  soils  filtration  is  very  slow  or 
impossible. 

The  oxidation  of  the  organic  matter  goes  on  most  actively  near 
the  surface  where  there  is  a  plentiful  supply  of  air,  and  where 
the  micro-organisms,  which  are  the  active  agents  of  the  change, 
are  most  abundant.  Some  distance  below  the  surface,  varying 
with  the  character  of  the  ground,  oxidation  ceases,  owing  to  absence 
of  air.  If  we  find  a  ground  water  with  dissolved  organic  matter, 
or  ammonia,  or  nitrites,  we  know  that  it  must  have  been  originally 
surface  water  in  which,  owing  to  unfavorable  conditions,  the  organic 
matter  has  failed  of  complete  oxidation.  If  this  water  is  from  great 
depths  and  free  from  oxygen  it  Is  evident  that  further  purification 
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by  oxidation  cannot  go  on.  In  such  a  case  the  water  may  have  a 
disagreeable  odor,  since  the  putrefaction  of  organic  matter  without 
oxygen,  or  with  but  a  very  limited  supply,  gives  rise  to  offensive 
hydrogen  compounds  which  are  not  noticeable  when  the  supply  of 
oxygen  is  abundant. 

A  water  in  which  the  organic  matter  has  been  completely  oxidized 
in  percolating  through  the  soil  has  all  of  its  nitrogen  in  the  form  of 
nitrates.  The  amount  of  nitrates  in  a  ground  water  is,  therefore,  in 
some  degree  a  measure  of  the  nitrogenous  matter  which  the  water 
originally  contained  on  the  surface.  The  sources  of  the  nitrates  in 
the  ground  waters  of  uninhabited  regions  are  mainly  the  ammonia 
in  the  rain  and  the  ammonia  resulting  from  the  decay  of  vegetable 
and  animal  matters  in  the  soil.  But  the  ground  water  does  not 
contain  all  of  the  nitrogen  of  this  ammonia,  since  a  part  is  directly 
or  indirectly  converted  into  new  plant  life.  Vegetable  matter, 
moreover,  decays  but  slowly,  a  fact  favorable  to  the  absorption 
of  nitrogen  by  plants  rather  than  to  its  passage  into  the  ground 
water  as  nitrates.  The  springs  and  wells  which  are  distant  from 
habitations  are  therefore,  as  we  might  expect,  uniformly  low  in 
nitrates  and  occasionally,  though  rarely,  they  contain  none  at  all. 
In  the  midst  of  a  thickly  settled  region  the  ground  water  is  almost 
always  high  in  nitrates  formed  from  the  ammonia  of  house  drainage. 
Hence  we  regard  this  determination  of  the  nitrogen  in  the  form  of 
nitrates  as  one  of  great  value  as  expressing  the  amount  of  previous 
pollution  in  the  water. 

It  is  impossible  to  give  a  dividing  line  between  normal  ground 
waters  and  those  which  have  been  polluted,  bjised  on  their  contents 
of  nitrates  alone,  nor  is  there  any  evidence  in  the  nitrates  themselves 
to  indicate  whether  they  had  a  vegetable  or  animal  origin.  We  have 
not,  as  yet,  been  able  to  discover  as  in  the  case  of  chlorine,  a 
'*  normal"  for  nitrates  in  ground  waters. 

The  difference  between  summer  and  winter  in  the  nitrates  of  the 
ground  waters  of  this  State  is  scarcely  noticeable.  The  average  for 
the  colder  months  is  a  little  higher  than  for  the  warmer  months,  but 
the  difference  is  insignificant. 

In  the  following  table  is  given  the  averagie  composition  for  two 
years  of  some  of  the  public  water  supplies  of  the  State  drawn  from 
the  ground,  arranged  in  the  order  of  the  nitrates.  The  extremes,  it 
will  be  noticed,  are  widely  different,  and  one  need  not  be  in  doubt  as 
to  the  fact  that  those  at  the  beginning  of  the  list  are  normal,  and  that 
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those  at  the  end  contain  the  oxidized  products  of  the  organic  matter 
^of  house  drainage.  In  cases  less  pronounced,  where  there  is  doubt 
as  to  the  significance  of  the  nitrates,  the  amount  of  chlorine  will  enable 
us  to  decide ;  for,  although  the  investigations  in  this  direction  are 
not  yet  complete,  it  is  very  probable  that  in  this  State  the  ground 
waters  have  the  same  normal  of  chlorine  as  the  waters  at  the 
surface. 

Some  of  the  waters  in  this  table  are  from  wells  or  filter-galleries 
alongside  of  rivers,  and  the  amount  of  nitrates  in  them  may  be 
influenced  by  the  direct  infiltration  of  river  water  without  oxida- 
tion. In  such  cases  the  contents  of  nitrates  do  not  fairly  represent 
the  ground  water  of  the  locality  from  which  they  are  taken,  and 
they  show  also  higher  contents  of  albuminoid  ammonia  than  is  usually 
the  case  in  ground  waters. 


Analyses  of  Ground  Waters,  Averages, 

[Part*  per  100,000.] 


Pelham,  . 
Agawam, 
Mansfield, 
Uxbridge,       . 
Cohasset, 
Brookllne, 
Biidgewator, . 
North  Attleborongh, 
Wobum, 
Watertown,    . 
North  Eaaton, 
Ayer,      . 
Hyde  Park,    . 
Wellealey,      . 
Braintree, 
Klngaton, 
Attleborough, 
Revere,   . 
MIddleborough,     . 
Sharon,  . 
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5 
7 
4 
9 
24 
24 
11 
24 
24 
22 
16 
17 
23 
24 
12 
94 
17 
24 
24 
12 


1 

2  « 


2.08 
8.14 
2.78 
2.68 

14.48 
8.79 
4.20 
8.23 

11.78 
8.08 
4.28 
6.16 
6.10 
6.72 
7.14 
6.30 
9.13 

22.56 
8.61 
7.99 


.0000 
.0005 
.0000 
.0001 
.0002 
.0003 
.0011 
.0001 
.0011 
.0002 
.0012 
.0004 
.0002 
.0002 
.0006 
.0002 
.0016 
.0001 
.0002 
.0001 


.0015 
.0014 
.0009 
.0020 
.0041 
.0016 
.0011 
.0029 
.0036 
.0016 
.0017 
.0019 
.0021 
.0045 
.0021 
.0082 
.0019 
.0028 
.0007 
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.0067 
.0080 
.0083 
.0118 
.0272 
.0299 
.0312 
.0816 
.0368 
.0540 
.0663 
.0626 
.0649 
.0723 
.0948 
.0995 
.1007 
.1408 
.1669 
.1884 
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.0000 
.0000 
.0000 

.0000 
.0003 
.0000 
.0001 
.0000 
.0000 
.0000 
.0000 
.0001 
.0002 
.0000 
.0008 
.0002 
.0011 
.0024 
.0001 
.0001 


.10 
.14 
.20 
.17 

1.65 
.63 
,4T 
.61 

2.89 
.64 
.42 
.32 
.75 
.46 
.88 
.83 

1.08 

3.41 
.06 
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Analyaes  of  Oround  Waters,  Averages — Ck>ncladed. 
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Nitrogen  as 


I 


Orafton,. 

Ware,     . 
Hopklnton, 
MxJdes,  . 
Swampsoott, 

BtOQghtOD, 


12 
11 

la 

27 
11 
« 
24 
12 


8.77 
10.76 
10.67 

7.61 
U.07 
16.09 
26.01 
17.84 


.0001 
.0002 
.0002 
.0000 
.0001 
.0000 
.0013 
.0013 


.0016 
.0028 
.0012 
.0011 
.0017 
.0006 
.0082 
.0040 


.2280 
.2686 
.2668 
.2901 
.4006 
.4768 
.4786 
.8280 


.0002 
.0001 
.0000 
.0002 
.0001 
.0000 
.0003 
.0040 


.88 
1.61 
.96 
.63 
1.88 
2.20 
8.28 
2.08 


One  cannot  &il  in  examining  this  table  to  be  struck  with  the 
remarkable  completeness  of  the  oxidation  of  the  organic  matter  even 
in  those  waters  which  are  high  in  nitrates.  If  we  except  the  wells 
at  Attleboroaghy  Berere  and  Stoughton,  the  highest  average  free 
ammonia  is  .0012  and  the  highest  nitrogen  as  nitrites  .0003  parts 
per  100,000.  And  many  of  these  waters  are  repeatedly  found  to  be 
entirely  free  from  ammonia  and  nitrites. 

It  is  seldom,  however,  that  organic  nitrogen  (as  shown  by  the 
albuminoid  ammonia)  is  entirely  absent  even  in  the  best  spring  and 
well  waters.  This  is  also  the  case  with  the  effluents  from  the  purifi- 
cation of  sewage  by  intermittent  filtration.  There  is  almost  always 
a  small  amount  of  nitrogenous  organic  matter  remaining  even  where 
the  oxidation  of  the  free  ammonia  is  continuously  and  for  long  periods 
complete.  The  organic  matter  which  exists  in  water  under  these 
circumstances  must  be  of  a  nature  that  resists  oxidation,  and  is  not 
likely,  therefore,  to  be  of  sanitary  importance.  In  speaking,  as 
we  shall  have  frequent  occasion  to  do,  of  the  complete  oxidation 
of  the  organic  matter  in  water  this  small  residue  of  albuminoid 
ammonia  is  ignored. 

The  nitrogen  as  nitrates  in  the  water  of  Stoughton  —  the  last  on 
the  list  —  far  exceeds  that  of  any  of  the  other  public  water  supplies 
of  the  State.  But  this  amount  is  often  exceeded  in  waters  of  wells 
in  closely  settled  villages  and  towns  where  an  amount  of  nitrogen 
as  nitrates  equal  to  4  or  5  parts  per  100,000  is  sometimes  met  with. 

The  experiments  on  the  purification  of  sewage  by  intermittent 
filtration  which  have  been  earned  on  at  Lawrence,  Mass. ,  since  the 
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fall  of  1887,  under  the  direction  of  Mr.  Hiram  F.  Mills,  the  engi- 
neer member  of  the  Board  of  Health,  have  added  very  largely  to 
our  knowledge  of  the  conditions  under  which  the  oxidation  of 
nitrogenous  matter  goes  on  in  percolating  through  porous  ground, 
and  enable  us  to  interpret  more  intelligently  than  we  have  hitherto 
been  able  the  results  of  the  analysis  of  ground  waters..  The  reader 
is  referred  to  the  second  volume  of  this-  report  for  a  full  description 
by  Mr.  Mills  of  this  work  at  Lawrence*  For  our  present  purpose 
it  will  suffice  to  say  that,  when  sewage  filters  slowly  and  intermit- 
tently through  five  feet  of  porous  earth*  or  sand-,  an  e^uent  is 
obtained  which  is  as  free  from  organic  matter,  from  ammonia  and 
from  nitrites,  as  many  a  natural  spring  water.  *  To  obtain  this  result, 
namely,  that  the  nitrogen  shall  be  completely  converted'into  nitrates, 
it  is  necessary  that  the  amount  of  sewage  shall  be  adjusted  to  the 
capacity  for  purification  of  the  filtering  material.  If  too  large  an 
amount  is  applied,  we  have  the  evidence  in  the  presence  of  the  free 
and  albuminoid  ammonia  and  the  nitrites  of  imperfect  purification ; 
in  other  words,  the  oxidizing  agencies  at  work  in  the  sand  or  soil 
have  been  overtaxed,  and  unoxidized  nitrogen  compounds  appear  in 
the  filtered  water. 

Two  facts  stand  out  prominently  among  the  results  of  these  filtra- 
tion experiments,  namely,  the  short  distance  and  the  short  time 
which  suffice,  under  favorable  conditions,  in  open  porous  soil  for 
the  complete  oxidation  of  the  organic  matter  and  the  ammonia  of 
the  sewage,  and  the  definite  and  limited  capacity,  under  constant 
conditions,  which  each  soil  has  for  purification.  When  a  filter  of 
this  kind  is  working  to  its  maximum  capacity  it  is  a  very  sensitive 
instrument.  A  very  slight  change  of  the  conditions  under  which  it 
is  working  will  throw  it  out  of  adjustment,  and  an  impure  effluent 
will  result.  These  facts  have  an  important  and  obvious  bearing 
on  the  use  of  water  from  wells  which  are  exposed  to  sources  of 
pollution. 

The  recorded  and  well  authenticated  cases  of  illness  resulting 
from  drinking  ground  waters  are  very  numerous  —  far  greater  in 
number  than  those  which  can  with  certainty  be  referred  to  the  use 
of  watera  of  streams  and  lakes.  Investigation  of  these  cases  shows 
almost  invariably  that  the  water  of  the  well  has  received  directly, 
or  indirectly  through  the  soil,  the  drainage  from  houses  or  cess- 
pools. All  wells  in  the  vicinity  of  houses  or  bams  are  more  or 
less  exposed  to  such  contamination,  and  it  is  a  matter  of  the  first 
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importance  to  know  how  far  the  information  derived  from  a  chemi- 
cal analysis  will  enable  us  to  say  whether  or  not  a  well  water  can 
be  used  with  safety.  If  we  regarded  the  orsanic  matter,  or  the  pro- 
ducts of  its  decay,  as  the  sole  cause  of  danger,  then  we  should  have  in 
the  determination  of  the  nitrogen  compounds  a  perfectly  satisfactory 
means  of  deciding  whether  the  water  is  in  a  fit  condition  to  use. 
From  this  point  of  view  we  should  reject  all  waters  which  contained 
free  or  albuminoid  ammonia  or  nitrites,  and  accept  only  those  which 
contained  all  the  nitrogen  in  the  form  of  nitrates. 

But  if  the  danger  is  to  be  ascribed  to  the  presence  of  bacteria  in 
the  water,  the  results  of  a  chemical  analysis  offer,  as  in  the  case 
of  surface  waters,  only  indirect  evidence  of  its  condition.  We  do 
not  know  yet  what  is  the  actual  duration  of  life  of  specific  disease 
germs  in  the  soil,  nor  whether  the  conditions  existing  there  are 
favorable  for  their  growth  and  reproduction.  We  cannot,  for  instance, 
say  that  the  disease  germs  which  may  have  been  present  in  sewage 
have  lost  their  vitality  when  the  organic  matter  in  the  sewage  has 
been  oxidized ;  for,  as  far  as  we  know,  there  is  no  necessary  connec- 
tion between  the  oxidizing  action  of  the  saprophytic  bacteria  and 
the  life  of  the  disease  germs.  It  has  been  asserted  as  the  result  of 
experiment  that  great  activity  of  the  bacteria  of  decomposition  is 
unfavorable  for  the  life  of  disease  germs,  and  that  when  these  sapro- 
phytic bacteria  have  done  their  work  of  oxidation  thoroughly  they 
have  also  accomplished  the  destruction  of  the  pathogenic  bacteria. 
But  the  present  state  of  our  knowledge  of  the  subject  does  not 
justify  us  in  accepting  this  statement  as  final. 

Where  normal  ground  waters  are  not  to  be  had,  safety  lies  in 
time  and  distance  from  the  source  of  pollution ;  the  greater  these 
are  the  greater  the  security  from  harm.  Waters  with  very  high 
nitrates  are  always  to  be  regarded  with  suspicion  even  though  they 
show  for  a  long  period  a  good  purification ;  for  high  nitrates  indi- 
cate a  nearness  of  the  source  of  pollution  which  is  a  constant  menace 
to  the  purity  of  the  water.  Where  the  margin  of  safety  is  small 
a  slight  change  of  the  existing  conditions  may  result  in  a  sudden 
and  serious  pollution  of  the  well.  Moreover,  from  the  standpoint 
of  bacterial  contamination  we  cannot  feel  secure,  even  when  the 
chemical  purification  is  practically  complete,  if  the  source  of  con- 
tamination is  near  by. 

There  is  plenty  of  evidence  to  show  that  waters  with  high  nitrates 
and  nitrites  have  been  the  cause  of  illness.     Ekin  and  Mallet  have 
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both  called  attention  to  the  dangeroas  character  of  waters  of  this 
class.  But  we  need  to  know  more  than  this;  namely,  are  the 
waters  high  in  nitrates  only  dangerous  when  they  contain  also 
ammonia  and  nitrites, — that  is  to  say  when  they  are  still  under- 
going change,  when  the  bacteria  of  decomposition  are  still  in  fiill 
activity,  —  or  may  the  danger  still  exist  in  waters  of  this  class  when 
the  oxidizing  processes  are  complete  ?  Until  bacteriological  research, 
or,  it  may  be,  dearly-bought  experience,  brings  with  it  the  desired 
knowledge,  the  best  we  can  do  is  to  protect  our  wells  from  sources 
of  pollution  by  making  our  factors  of  safety  —  time  and  distance—- 
liberal. 

We  have  assumed  in  this  discussion  of  the  purification  of  sewage 
or  house  drainage  that  it  is  exposed  to  air  in  porous  soil  near  the 
surface.  An  entirely  different  condition  of  affairs  exists  when  the 
polluting  material  enters  the  ground  at  considerable  depth  and  soaks 
through  earth  where  there  is  but  little  free  oxygen.  There  can  be 
but  slow  oxidation  under  these  conditions,  and  long  time  and  dis- 
tance may  be  needed  before  oxidation  is 'complete.  Again,  in  the 
continuous  filtration  of  ground  water  containing  sewage  oxidation 
goes  on  still  more  slowly.  The  pollution  of  the  ground  water  under 
these  conditions,  namely,  where  sewage  is  filtered  merely  but  not 
oxidized,  is  without  doubt  a  source  of  serious  and  permanent 
danger. 

The  presence  of  organic  matter,  of  ammonia,  and  even  a  bad  odor 
in  a  well  water,  does  not  necessarily  imply  that  the  ground  ;s^ater  of 
the  region  is  polluted.  The  trouble  may  be  in  the  well  itself,  which 
may  contain  organic  matter  which  has  dropped  in  from  the  surface- 
insects,  worms  and  the  like.  In  some  wells  the  water  at  the  bottom 
is  stagnant.  The  water  does  not  become  bad  on  this  account  unless 
organic  matter"  gets  access  to  it,  when  putrefactive  changes  set  in, 
owing  to  insuflScient  supply  of  dissolved  oxygen,  and  the  water 
becomes  very  foul.  The  remedy  in  such  cases  is  very  simple, 
namely,  cleaning  the  well  and  protecting  it  carefully  at  the  surface. 

The  water  of  artesian  wells  of  great  depth  often  contains  a  con- 
siderable quantity  of  free  ammonia.  The  source  of  this  ammonia 
is  not  certainly  known  in  all  cases.  It  has  been  referred  in  some 
localities  to  coal  deposits.  Of  waters  of  this  character  we  have  no 
examples  in  Massachusetts. 

At  the  beginning  of  this  discussion  we  have  spoken  of  the  doubt- 
ful value  of  standards  of  purity  of  water  based  on  the  amount  of 
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the  nitrogen  compounds  which  it  contains.  In  the  case  of  ground 
waters  there  is  an  ideal  standard  of  purity  which  is  at  the  same  time 
not  an  impossible  one,  namely  con^lete  freedom  from  unoxidized  or 
partly  oxidized  compounds  of  nitrogen.  We  do  not  know,  as  has 
been  already  explained,  that  a  water  which  reaches  this  standard 
is  safe  if  it  at  the  same  time  contains  much  nitrogen  completely 
oxidized,  but  we  do  know  that  as  we  depart  from  this  standard  we 
enter  the  region  of  known  danger. 


An  attempt  has  been  made,  in  the  foregoing  account  of  the 
origin  and  significance  of  the  various  substances  which  are  deter- 
mined in  the  chemical  analysis  of  a  water,  to  show  that  the  inter- 
pretation should  be  based  on  the  analysis  as  a  whole  and  not  on  any 
single  determination. 

It  has  been  a  very  general  custom  hitherto  to  set  limits  for  each 
of  the  substances  beyond  which  the  water  should  be  regarded  as 
polluted  or  as  unfit  for  drinking. 

The  application  of  these  standards  of  purity  made  the  inter- 
pretation of  analyses  a  very  simple  matter  but  of  very  doubtful 
value.  It  has  been  thought  worth  while  in  the  above  discussion  to 
show,  in  much  detail,  the  one-sided  and  faulty  deductions  which 
may  be  made  by  giving  too  much  weight  to  any  one  determination. 
Thus  we  have  said  that  free  ammonia  is  the  evidence  of  decomposi- 
tion of  nitrogenous  organic  matter  already  begun,  that  it  is  the 
characteristic  ingredient  of  sewage,  and  that  it  is  one  of  the  most 
reliable  indications  of  sewage  pollution  in  water.  And  yet  under 
certain  conditions  we  have  seen  that  a  sewage-polluted  water  may 
be  free  from  ammonia  and  that  a  normal  water  may  contain  it 
abundantly. 

Two  lessons  are  to  be  learned  from  this  (and  they  cannot  be  too 
strongly  emphasized)  :  namely,  first,  that  a  single  determination  in 
a  chemical  analysis  of  a  water  cannot  tell  us  what  the  real  condition 
of  the  water  is ;  and,  second,  that  one  complete  analysis  tells  us 
only  what  was  the  condition  of  the  water  when  the  sample  was 
taken. 

A  single  analysis,  for  instance,  may  be  selected  from  the  monthly 
examinations  of  Mystic^ Lake,  which  will  show  the  water  to  be  in  a 
very  good  condition,  with  only  the  presence  of  the  chlorine  to  indi- 
cate past  pollution.    Yet  a  glance  at  the  series  of  analyses  will  show 
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that  this  condition  is  unusual,  and  that  the  water  contains,  for  the 
greater  part  of  the  year,  products  of  decomposition  of  organic  mair 
ter  in  considerable  amount.  Such  facts  do  not  detract  from  the 
value  of  the  chemical  analysis  of  waters  but  show  rather  how  easily 
a  fatal  mistake  may  be  made  by  trusting  to  incomplete  and  infre- 
qumit  analyses. 

In  the  early  part  of  this  article  there  were  given  by  way  of  illus- 
tration  (page  541)  several  instances  of  normal  and  polluted  waters 
to  show  how  one  might  be  easily  misled  by  some  single  determina- 
,  tions.  But  in  all  these  cases  where  the  analyses  are  taken  as  a 
whole,  and  with  a  knowledge  of  the  locality  of  the  water,  there  is 
no  uncertainty  as  to  the  interpretation.  There  are  cases  where  one 
might  be  in  doubt  whether  or  not  a  water  was  polluted  if  the  normal 
chlorine  of  the  locality  was  unknown.  There  need  be,  however,  no 
longer  any  uncertainty  in  this  regard  in  Massachusetts,  since  the 
normals  for  all  parts  of  the  State  are  now  fairly  well  determined. 
As  regards  pollution  from  sewage  or  house  drainage  in  the  waters 
of  the  State  we  may  regard  the  evidence  afforded  by  chemical 
analysis  as  complete  and  conclusive.  This  cannot  be  said  of  any 
other  territory  of  like  size  in  the  country. 

The  subject  will  receive  further  illustration  in  a  subsequent  section 
of  this  report  on  the  classification  of  the  water  supplies  of  the  State. 
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KEPORT  OF  THE  BIOLOGIST. 


To  Henry  P.  Walcott,  M.D.,  Chairman  State  Board  of  Health. 

Sir  : — The  following  report  presents  an  account  of  the  organisms, 
excepting  the  bacteria,  which  have  been  found  in  the  supplies  of 
potable  water  in  this  Commonwealth.  The  report  is  based  upon 
observations  which  have  extended  over  a  period  of  about  two  years. 
Investigations  were  begun  July  1,  1887,  and  were  continued  under 
my  direction  till  June  1,  1889.  During  the  gi'eater  part  of  the 
first  year  the  work  consisted  of  special  examinations,  particularly 
with  reference  to  the  storage  of  ground  waters.  In  March,  1888,  the 
regular  examination  of  water  collected  for  chemical  analysis  was 
undertaken.  This  was  continued  till  June,  1889 ;  and  the  series 
of  examinations  thus  brought  together  afforded,  in  the  case  of 
each  water  examined,  a  continuous  set  of  observations  for  some- 
what over  a  year.  During  the  two  years  reported  upon,  the 
water  supplied  to  Boston,  Charlestown  and  Cambridge  was  exam- 
ined monthly.  Including  the  supplies  of  water  from  all  sources, 
3,442  examinations  were  made.  The  examinations  during  the  first 
year  were  made  for  the  most  part  by  myself;  during  the  second 
year  they  were  made  by  Mr.  C.  B.  Davenport  and  Mr.  W.  A. 
Setchell.  Nearly  all  of  the  examinations  were  made  in  the  labora- 
tory for  water  analysis  at  the  Massachusetts  Institute  of  Tech- 
nology, and  I  am  under  obligations  to  Dr.  T.  M.  Drown  and 
Mrs.  K.  H.  Richards  for  many  courtesies  shown  us. 

The  method  by  which  the  water  from  Boston,  Charlestown  and 
Cambridge  wjis  eTxamined  is  described  on  page  687  of  this  report. 
The  water  collected  for  chemical  analysis  was  examined  for  organ- 
isms in  a  somewhat  different  way.  The  material  through  which 
this  water  was  filtered  was  the  same  quality  of  cotton  cloth  as  that 
used  in  filtering  the  water  from  Boston,  Charlestown  and  Cam- 
bridge, but  the  way  in  which  the  cloth  was  used  was  different  in 
the  two  cases. 

In  preparing  for  an  examination  of  water  collected  for  analysis, 
a    small   piece   of   cloth    was    taken    and    firmly    tied    over   the 
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stem  of  a  common  glass  funnel.  It  was  very  important  that 
the  cloth  should  be  bound  as  closely  as  possible  to  the  open  end 
of  the  stem,  so  that  the  water,  when  poured  into  the  funnel,  would 
filter  through  only  that  portion  of  the  cloth  which  was  directly 
in  front  of  the  end  of  the  funnel.  Having  arranged  the  funnel 
in  this  manner,  two  hundred  cubic  centimeters  of  the  water  to 
be  examined  were  poured  into  it;  and,  in  order  to  facilitate  the 
passage  of  the  water  through  the  cloth,  the  stem  of  the  funnel  was 
inserted  into  a  suction  bottle.  Under  a  slight  pressure  the  water 
passes  through  the  cloth  in  a  conveniently  short  time,  and  the  par- 
ticles suspended  in  it  will  be  found,  at  the  end  of  the  operation, 
collected  on  a  small  circular  area  on  the  cloth.  The  cloth  may  now 
bo  removed  from  the  funnel  and  inverted  over  a  glass  tube  of  a 
slightly  larger  calibre.  The  cloth  should  be  so  placed  that  the 
circular  area  of  sediment  on  it  will  cover  the  end  of  the  tube  and 
'that  that  face  of  the  cloth  on  which  the  sediment  is  deposited  will 
be  outermost.  With  a  sharp  blast  of  air  through  the  tube,  the 
sediment,  with  a  small  amount  of  water,  can  be  dislodged  from 
the  cloth  and  driven  on  a  glass  slide  held  close  to  the  end  of  the 
tube. 

The  sediment  thus  collected  on  the  slide  is  covered  with  a  thin 
cover  glass  and  examined  under  the  microscope.  Here  the  kinds 
of  organisms  present  can  be  ascertained,  as  well  as  a  rough 
approximation  of  their  numbers.  This  method  gives  good  results 
so  far  as  a  determination  of  the  kinds  of  organisms  is  concerned. 
It  allows  the  sediment  of  a  considerable  volume  of  water  to  be 
collected  and  examined  in  a  pure  state  (free  from  the  filtering 
material).  From  a  quantitative  standpoint  the  method  at  best 
yields  only  rough  approximations.  There  are  three  principal  causes 
of  inexactness :  first,  a  few  organisms  are  known  to  pass  through 
the  cloth ;  second,  it  is  usually  impossible  to  remove  all  of  the 
organisms  from  the  cloth  to  the  slide ;  and,  third,  it  is  difficult  to 
distribute  the  sediment  on  the  slide  with  such  equality  that  accu- 
rate estimates  of  the  number  of  organisms  present  can  be  made. 

The  majority  of  organisms  which  have  been  recorded  are  of 
microscopic  size.  At  first  sight  it  might  appear  that  these  organ- 
isms would  be  insignificant  in  proportion  to  their  mass,  and  that  more 
attention  should  have  been  devoted  to  the  larger  plants  and  animals. 
Very  few  cases  have  been  observed,  however,  in  which  really  serious 
trouble  in  water  supplies  can  be  referred  directly  to  the  growth  of 
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large  plants  or  animals ;  whereas,  in  many  instances,  waters  with  very 
objectionable  qualities  contain  nothing  to  which  these  qualities  can 
be  attributed  except  microscopic  organisms.  Further,  although  the 
organisms  here  dealt  with  are  of  such  small  dimensions,  the  immense 
numbers  in  which  they  occur  more  than  counterbalance  their  small 
size ;  and  I  am,  therefore,  of  opinion  that,  of  those  organisms  which 
cause  objectionable  qualities  in  water,  the  microscopic  ones  are  the 
more  important. 

In  dealing  with  these  organisms,  in  the  present  report,  the  follow- 
ing topics  have  received  attention :  first,  the  relation  of  the  odor  in 
a  water  to  the  organisms  which  it  contains ;  second,  the  kinds  of 
organisms  found  in  the  waters  supplied  to  Boston,  Charlestown  and 
Cambridge ;  third,  the  seasonal  distribution  of  organisms ;  fourth,  the 
distribution  of  organisms  in  waters  variously  situated;  fifth,  an 
attempt  to  outline  a  general  scheme  for  the  improvement  of  water 
made  impure  by  organic  growths ;  and,  sixth,  a  brief  account  of  fresh- 
water sponges  and  their  relation  to  water  supplies.  In  addition  to 
these  topics,  which  form  the  body  of  ^ this  report,  a  summary  of  the 
organisms  which  characterized  the  various  waters  examined  will  be 
found  appended  to  the  tables  of  chemical  analyses  in  the  reports  on 
water  supplies  and  rivers  (see  pages  1-516  of  this  volume). 

I. — The  Relation  op  Organisms  and  Odors  in  Natural 

Waters. 

The  odors  which  different  waters  possess  are  not  always  easily 
accounted  for.  They  can  arise  from  one  or  several  causes.  Pure 
water  itself  is  odorless,  consequently  any  odor  which  a  water  con- 
tains must  be  attributed  to  some  foreign  substance  in  it.  The 
foreign  substances  which  are  in  water  are  either  organic  or  inorganic. 
The  odors  which  most  waters  possess  resemble  those  of  organic 
rather  than  inorganic  substances ;  and  it  is,  therefore,  fair  to  presume 
that  the  great  majority  of  odors  in  natural  waters  are  due  to  organic 
compounds.  The  organic  compounds  owe  their  origin  to  organisms, 
and  are  either  the  products  of  excretion  from  living  organisms  or 
the  results  of  decomposition  from  dead  ones. 

From  the  relation  which  has  been  pointed  out  it  might  be  inferred 
that  odors  and  organisms  should  always  accompany  one  another. 
This,  however,  is  not  necessarily  true,  for  it  is  possible  that  in  a 
given  water  an  odor  may  be  the  only  indication  of  organisms  once 
present.     Thus,  for  instance,  any  organisms  attached  to  a  firm  sup- 
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port  in  a  current  of  water  may  so  taint  the  water  that,  even  at  a 
considerable  distance  from  the  source  of  contamination,  the  water 
may  possess  an  odor  derived  from  the  organisms ;  and  this  odor  may 
be,  moreover,  the  only  evidence  that  the  water  has  been  in  contact 
with  an  organism.  It  is  further  possible  that  a  water  might  contain 
organisms  and  yet  possess  no  .odor.  This  condition  could  arise  in 
one  of  two  ways.  Either  the  organisms  in  the  water  might  give 
rise  to  no  products  of  excretion  or  decomposition,  or  these  products, 
if  present,  might  be  inodorous.  It  is  thus  evident  that,  although 
odors  in  waters  are" probably  produced  almost  solely  by  organisms, 
it  by  no  means  follows  that  odors  are  always  accompanied  by 
organisms  or  organisms  by  odors. 

Whether  the  odor  in  a  water  is  caused  by  the  excretions  of  organ- 
isms or  by  their  decomposition  is  not  easily  determined.  Possibly 
it  may  result  from  both  causes.  If  the  odor  is  due  to  excretions,  one 
would  rather  expect  that  certain  odors  would  be  characteristic  of 
certain  organisms.  On  the  other  hand,  if  the  odor  is  due  to  decom- 
position, the  relation  of  the  odor  to  particular  organisms  would 
probably  not  be  so  apparent. 

In  order  to  gain  some  light  on  these  questions  the  observations 
on  organisms  and  odors  were  carefully  compared.  The  coinci- 
dences in  this  comparison  were  so  few  that  one  was  not  warranted 
in  assigning  a  particular  odor  to  a  particular  organism.  On  account 
of  the  diversity  of  organisms  contained  in  the  different  waters  the 
task  of  comparison  was  not  an  easy  one,  and  its  complexity  may 
have  influenced  this  rather  unsatisfactory  conclusion. 

Although  the  relation  between  organisms  and  odors  is  apparently 
not  a  precise  one,  it  is  nevertheless  not  without  its  significance. 
The  following  tabulation  will  show  something  of  its  meaning.  In 
the  construction  of  this  table  five  hundred  representative  observa- 
tions were  chosen  from  the  examinations  of  the  second  year.* 
These  were  separated  into  two  groups ;  those  in  which  there  were 
no  odors  or  very  faint  ones,  and  those  in  which  the  odors  were  pro- 
nounced. Depending  upon  the  absence  or  presence  of  a  significant 
number  of  organisms,  these  two  groups  were  further  subdivided. 
The  number  of  waters  which  fell  under  the  four  sub-groups  thus 
constituted  are  as  follows  :  — 

*  The  records  of  odore  and  organisms  are  more  satisAustorr  for  the  second  year  than  the 
first,  consequently  the  comparisons  were  based  mainly  upon  observations  from  that  year. 
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J.     Odors  very  fcdrU  arnone, 

1.    Orgaoisixis  insignificant  in  number  or  none, 89 

3.    Organisms  numerous, 227 

IL    Odors  pronounced. 

1.  Organisms  insignificant  in  number  or  none,      .        .        ...        .  0 

2.  Organisms  numerous, 184 

Total  number  of  observations, 600 


From  this  table  it  will  be  observed  that,  when  the  odors  were 
pronounced,  the  organisms  were  always  present  in  considerable 
numbers.  On  the  other  hand,  when  the  odors  were  very  faint  or 
altogether  absent,  89  cases  were  observed  in  which  the  organisms 
were  practically  absent  and  227  cases  in  which  they  were  repre- 
sented in  considerable  numbers.  The  simultaneous  abseace  of 
odors  and  organisms  in  a  given  water  is  what  one  would  naturally 
expect.  The  presence  of  organisms  and  absence  of  odord  is  not 
at  first  sight  a  natural  relation,  although,  as  I  have  previously 
explained,  it  is  not  inconsistent  with  the  idea  that  the  odors  are 
caused  by  the  organisms.  The  fact  that,  in  227  cases  in  500,  odors 
were  practically  absent  but  organisms  were  present  in  considerable 
numbers,  bears  directly  on  the  question  of  the  origin  of  odors.  If 
the  odors  were  due  to  excretions,  then  one  must  explain  the  absence 
of  odors  in  the  227  cases  mentioned  either  by  supposing  that,  at  the 
time  of  collection  and  examination,  these  organisms  produced  no 
excretions  or  that  their  excretions  were  inodorous.  The  former 
supposition  is  not  probable,  because  the  physiological  processes  of 
nutrition,  excretion,  etc.,  in  a  plant  go  on  with  such  regularity  that 
interruptions  such  as  this  supposition  demands  are  exceptional,  if, 
indeed,  they  occur  at  all.  The  second  supposition,  namely,  that 
the  excretions  were  inodorous,  is  improbable,  because,  in  one 
instance  or  another  of  the  227  cases  cited,  almost  all  of  the  im- 
portant organisms  which  occur  in  potable  water  have  been  pres- 
ent. Consequently  it  cannot  be  maintained  that  the  great  number 
of  organisms  which  these  cases  present  is  made  up  of  only  a  few 
kinds  of  organisms  the  excretions  of  which  might  be  inodorous. 
This  fact  is  emphasized  by  the  following  table,  in  which  are  recorded 
the  names  of  the  more  important  organisms  and  the  number  of  times 
when  they  were  present  in  great  numbers.  The  table  is  constructed 
from  100  representatives  of  the  227  examinations  previously  cited. 
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Okkkric  Name  of  Okoavisic. 


Freqnencr 
with  which  the 

OrKanlsm 
wa«  present  In 

Abandance. 


Asterionella, 

Chlorocooccui, 

Olathrooystis, 

Ccelospherinm, 

Crenothriz,  . 

MeloBlra, 

Pedlastnim,  . 

Raphldiam,  . 

Beenedesmas, 

Btaorastniin, 

Btephanodlacus, 

Bynedra, 

TabellarU,    . 

DlsobryoDi   . 


1 
0 
6 
8 
2 
4 
1 
1 
2 
6 
2 
6 
17 
8 
6 


The  only  organiBms  which  are  not  mentioned  in  this  enameration, 
and  which  have  been  found  to  be  of  special  significance  in  water 
supplies,  are  Oscillaria,  Closterium,  Spirogyra  and  Volvox.  Except- 
ing Spirogyra  and  Volvox,  which  are  of  rather  rare  occurrence  in 
waters  collected  for  examination,  the  remaining  genera  have  been 
represented  in  sufficient  numbers  in  other  samples  of  practically 
odorless  water  to  support  the  same  conclusion  as  that  drawn  from 
the  table.  Thus  Oscillaria  has  been  twice  present  in  large  amounts 
in  water  from  Jamaica  Pond,  and  yet  the  samples  have  proved  to  be 
nearly  odorless  (samples  Nos.  2750  and  2880,  p.  63).  Closteriom 
was  abundantly  represented  in  water  from  Cohasset  Reservoir, 
nevertheless  the  water  was  odorless  (sample  No.  2799,  p.  106).  In 
a  similar  way,  water  which  contained  gre^t  quantities  of  Cosmarium 
was  without  odor  (sample  No.  2918,  p.  106) .  Spirogyra  and  Volvox 
have  never  been  present  in  such  quantities  in  odorless  chemical 
samples  of  water  but  that  it  could  be  maintained  that  the  absence  of 
odor  was  due  to  the  small  number  of  organisms  present. 

Two  conclusions  can  be  drawn  from  these  observations :  first, 
any  of  the  more  important  organisms  can  be  abundantly  represented 
in  a  water  and  yet  that  water  can  be  odorless  ;  and,  second,  the  same 
kind  of  organisms  in  other  instances  appear  to  be  the  sole  cause  of 
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disagreeable  odors.  Any  attempt  to  explain  these  odors  as  excre- 
tions from  the  organisms  necessitates  a  belief  in  either  a  temporary 
cessation  of  the  function  of  excretion  or  an  alteration  in  the  character 
of  its  products ;  two  changes  which ,  as  I  have  previously  stated,  are 
decidedly  improbable.  If,  then,  the  odors  are  not  the  products  of 
excretion,  they  must  result  from  the  decomposition  of  dead  organ- 
isms. That  this  conclusion  is  true  is  probable  from  the  fact  that  the 
odors  noticed  in  various  waters  are  so  generally  similar,  presenting 
by  no  means  a  diversity  equal  to  the  number  of  kinds  of  organisms. 

II.  —  The  Organisms  found  in  the  Water  supplied  to  Boston, 
Charlestown  and  Cambridge. 

The  chief  purpose  of  the  following  tables  is  to  place  upon  record 
the  kinds  of  organisms  observed  at  different  seasons  in  the  service 
water  of  Boston,  Charlestown  and  Cambridge. 

The  water  supplied  to  these  three  places  was  examined  monthly 
for  two  years  beginning  July  1, 1887.  The  samples  for  examination 
were  collected  from  taps  in  the  three  places  mentioned :  that  for 
Boston  was  taken  at  the  tap  in  the  basement  of  No.  13  Beacon 
Street ;  that  for  Charlestown  from  a  tap  in  the  shop  of  the  water 
depaiiment  at  the  corner  of  Tufts  and  Medford  streets;  that  for 
Cambridge  from  a  tap  at  Divinity  Ilall.  These  samples  were  obtained 
by  straining  about  fifteen  gallons  of  water  through  a  cloth  tied  closely 
to  the  end  of  a  faucet,  and  the  sediment  thus  collected  was  removed  to 
a  glass  slide  and  examined  under  the  microscope.  In  order  to  record 
roughly  the  relative  number  of  organisms  present,  the  four  following 
adjectives  were  used:  "few,"  **  several,*'  **  abundant'*  and**  very 
abundant."  The  last  three  of  these  have  been  abbreviated  to  '*  sev. ," 
•*  abd.  "  and  **  v.  abd.,"  and  appear  in  this  form  in  the  tables.  The 
usual  significance  of  these  adjectives  is  almost  sufiicient  to  indicate 
their  meaning  in  connection  with  the  number  of  organisms.  **  Few" 
is  used  where  an  organism  was  represented  by  a  very  small  number 
of  individuals.  **  Several"  implies  a  greater  number  than  **few" 
but  not  so  many  as  **  abundant."  **  Very  abundant"  is  employed 
only  when  an  organism  w^as  represented  by  an  excessive  number  of 
individuals.  Beside  these  adjectives  the  abbreviation  **  pr."  is  some- 
times used  ;  this  signifies  that  the  organism  against  .which  it  stands 
was  present,  but  no  statement  is  made  as  to  the  number  of  individu- 
als by  which  it  was  represented. 

Of  the  following  tables  there  are  three  sets,  one  for  each  of  the 
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waters  examined.  In  each  set  the  organisms  are  arranged  according 
to  natural  groups,  the  names  of  which,  as  well  as  those  ojf  the  organ- 
isms themselves,  are  on  the  left-hand  side  of  the  tables.  Opposite 
the  name  of  each  organism  are  two  lines,  one  for  each  of  the  two 
years  of  observations.  In  order  to  facilitate  comparison  the  cor- 
responding months  of  the  two  years  are  arranged  one  above  the 
other.  The  two  years  begin  one  in  July,  1887,  the  other  in  July, 
1888  ;  hence  the  first  and  second  years  designated  in  the  tables  do 
not  correspond  to  calendar  years. 


The  Service  Water  of  Boston. 

[For  an  account  of  the  sources  of  this  water  the  render  is  referred  to  the  descrlptioD  of  the  Cochltoate 
Works  on  page  29  of  thU  yolume.] 

Algoi, 


July. 

Augr. 

Sept. 

Oct. 

»or. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

MayJjune. 

1.  Otakophtcije. 

AnabRua,* 

First  year,  . 
Second  year, 

. 

few 
few 

- 

- 

- 

- 

. 

- 

- 

- 

:      fe'w 

First  year,   . 
Second  year, 

- 

few 

few 

few 

- 

- 

sev. 

- 

- 

- 

- 

:  1  : 

ClathrocyatU,*  . 

First  year.   . 
Second  year. 

pr. 

few 
few 

fe""w 

seT. 

_ 

- 

- 

- 

- 

- 

- 

- 

Cfltlospherium/ 

First  year,   . 
Second  year, 

few 

few 
few 

few 

few 

pr. 

»bd. 

few 

few 

- 

. 

« 

. 

Meriamopedla,  . 

First  year,  . 
Second  year, 

- 

- 

few 

. 

- 

.. 

few 

- 

. 

. 

- 

- 

Koetoc, 

First  year,   . 
Second  year, 

- 

_ 

- 

_ 

_ 

- 

- 

- 

- 

« 

few 

- 

OBClUarla,  . 

First  year,  . 
Second  year. 

_ 

- 

- 

- 

; 

- 

few 

- 

- 

- 

: 

- 

Chlorococcus,*  . 

First  year,  . 
Second  year. 

pr. 
v.«M 

abd. 
abd. 

abd. 

- 

sev. 

: 

-. 

- 

abd. 

BCT. 

few 
few 

: 

8.  ZoOSPORSiB. 

Oaelaatram, 

First  year,  . 
Second  year. 

- 

- 

- 

_ 

pr. 

- 

few 

fe~w 

- 

- 

- 

Conferva,   . 

First  year,  . 
Second  year. 

- 

- 

- 

- 

. 

pr. 

- 

- 

- 

- 

- 

- 

Ophiocytlnm,    . 

First  year.   . 
Second  year, 

. 

few 

. 

- 

- 

. 

- 

- 

- 

- 

- 

. 

redlaatmm,* 

IHrstyear,  . 
Second  year, 

pr. 

. 

• 

few 

pj. 

- 

- 

- 

- 

few 

- 

- 

Polyodrinm, 

First  year,   . 
Second  year. 

^ 

- 

few 

I 

^ 

- 

- 

- 

- 

- 

- 

few 

Raphidlnm,* 

First  year,  . 
Second  year, 

pr. 

. 

fe'w 

.. 

pr. 

abd. 

abd. 

few 

few 

few 

sev. 
abd. 

fe'w 

Bconedesmus,*  . 

First  year,   . 
Second  year. 

few 

« 

few 
few 

few 

fe"w 

- 

- 

- 

. 

. 

few    few 

few    few 

Tetraspora, 

First  year,   . 
Second  year, 

pr. 

~ 

fe"w 

few 

•" 

- 

- 

ftsw 

•" 

- 

few    few 

*  Important. 
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The  Seryice  Water  or  Bostok — Continued. 
Algce — Continued. 


Joly.  Aag.  Sept. 

Oct, 

Nov. 

Deo. 

Jan. 

Feb. 

Mar. 

Apr. 

May.Junc. 

4.  DKSXIDIACXiB. 

Closterinm,* 
Cosmarlnm,* 
Desmidlnm, 
SphsBTDSOsma,  . 
Bpirot«nis, 
BUnrastnim,*    . 
Btaorogenia, 
Xanthldhim,      . 

6.  DUT0]fACS.S. 

Asierionella,*    . 
Dentlcola,  . 
Dlatoma,    . 
Encyonema, 
Eplthemia, 
FragUlarla, 
Melosira,*  .       . 
Navieala,    .       . 
Kitzchia,    . 
NlUchleUa,        . 
Pionnlarla, 
BnrirelU,    . 
Suoronels, 
Btephanodlsons,* 
flynedra,*  .       . 
TabeUarIa,* 

First  year,  . 
Second  year. 

First  year,  . 
Second  year. 

First  year,  . 
Second  year. 

First  year,  . 
Second  year. 

First  year,  . 
Second  year. 

First  year,  . 
Second  year, 

nrstyear,  . 
Second  year. 

First  year,  . 
Second  year^ 

First  year,  . 
Second  year. 

First  year,  • 
Second  year, 

First  year,'  . 
Second  year, 

First  year.  . 
Second  year, 

First  year,  . 
Second  year. 

First  year,  . 
Second  year. 

First  year,   . 
Second  year. 

First  year,  . 
Seeond  year. 

First  year,  . 
Second  year. 

First  year,  . 
Second  year, 

First  year,   . 
Second  y«ar, 

Virstyear,  . 
Seeond  year. 

First  year,  . 
Second  year, 

First  year,  . 
Second  year. 

First  year,  . 
Second  year. 

First  year,  . 

First  year,  . 
Second  year. 

fe"w 
few 

pr. 
sey. 

fe'w 

abd. 
abd. 

few 

I 

few 
few 

sev. 

few 

few 

abd. 
few 

few 

abd. 
sev. 

few 

few 

few 

few 

few 

few 
fe'w 

ser. 
sev. 

feW 

few 

f^w 

abd. 
few 

fe"w 

abd. 
sev. 

few 
pr. 

few 
few 

few 

few 

sev. 
few 

few 

abd. 

fe« 

few 

nev. 
sev. 

pj. 

pr. 
sev. 

few 

abd. 

fe'w 

few 

few 

sev. 
sev. 
abd. 

abd. 

pr. 

sev. 
few 

abd. 
v.abd 

few 

abd. 

few 

abd. 
sev. 

sev. 

pr. 
sev. 

sev. 

v.abd 
v.abd 

abd. 

abd. 
abd. 

sev. 
abd. 

sev. 
few 

few 

few 

T.abd 
v.ab<i 

few 

few 

sev. 
vjUmI 

few 
few 

voibd 
vAbd 

sev. 

sev. 
sev 

abd. 
v.«bd 

sev. 
v.abd 

abd. 
abd. 

sov. 
sev. 

few 
few 

abd. 
v.ab*l 

abd. 
v.abd 

sev. 
abd. 

sev. 
abd. 

abd. 
abd. 

few 
few 

few 

v.abd 
v.abd 

few 
few 

abd. 
v.abd 

few 

few 

abd. 
v.abd 

few 
v.abd 

few 
abd. 

fe'w 

few 
few 

sev. 
few 

few 

few 
sev. 

few 

vjibd 
v.abd 

«v. 
sev. 

sev. 
sev. 

Google 
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The  Service  Water  of  Boston  —  Concluded. 
Algce  —  Concluded. 


Jaly..Ang. 

Sept.  Oct 

Nov. 

1 
Dec. 

1 

Jon. 

Feb. 

Mar. 

Apr.JMay.jjuiie. 

6.  Zyonkmacba. 

Splrogyra, . 

7.  VOLTOCINBJB. 

Eadorina,  . 

First  year,  . 
Second  year, 

First  year,  . 
Second  year. 

pr. 
pr. 

pr. 

fe"w 

- 

- 

- 

- 

- 

- 

few 

few 

few 

Fungi. 


8.  BCBIZOMTCBTBS. 

Beggiatoa,  . 
Leptothrix, 

First  year,   . 
Second  year, 

First  year,  . 
Second  year. 

- 

" 

few 

.  2 

- 

fe~w 

- 

SOT. 

- 

- 

- 

few 

Animals. 


9.  Pbotosoa. 

Aclneta,      . 

AmoBba, 
ArceUa,       . 
Ceratinm,  . 
Blfflngia,    . 
Dlnobryon,* 
Hydromomra,    . 
Peridlniam,* 

Traehelomonas,* 

10.  Sponoiabia. 

Sponge  spicules,* 

11.  Rotifbba. 

Anurea, 

Rotifers,!   .       . 

12.  Bntomostbaca. 

Bosmina,    . 

Cyclops,     . 
I>apbnia,    . 
BntomoBtraca,t . 

First  year,   . 
Second  year. 

First  year,   . 
Second  year. 

First  year,  . 
Second  year. 

First  year,   . 
Second  year. 

First  year,  . 
Second  year. 

First  year,   . 
Second  year. 

First  year,  . 
Seoond  year. 

First  year,  . 
Second  year, 

First  year,  . 
Second  year. 

First  year,  . 
Second  year. 

First  year,  . 
Second  year. 

First  year,   . 
Second  year. 

First  year,   . 
Second  year, 

First  year,   . 
Second  year. 

First  year,  . 
Second  year. 

First  year,   . 
Second  year. 

pr. 

SOT. 

few 

abd. 
few 

abd. 
pr. 

few 

fe'w 

T>r. 
few 

sev. 
few 

fe"w 

few 
few 

fJw 

few 

few 

fe"w 

fe"w 

few 
few 

sev. 

few 

few 

few 

few 

few 
few 

few 
few 

few 

pr. 
pr. 

fJw 
few 

fe"w 

pr. 

pj. 
pr. 

pr. 
pr. 

few 
sev. 

abd. 

few 

fe"w 
few 

few 

few 

sev. 

few 

sev. 
abd. 

few 

sev. 
abd. 

sev. 
sev. 

fe'w 

few 

few 

pr. 
r.MbA 

few 

abd. 
sev. 

few 

few 
few 

•ev. 
abd. 

few 
few 

sev. 

fe"w 
few 

few 

-    I 

fe"w 

1 

few 

fe"w 

sev. 

«,. 

few 

. 

few 
few 

fJ'w 

few 
few 
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The  Service  Water  of  Charlestowk. 

[For  an  account  of  the  sources  of  this  water  the  reader  Is  referred  to  the  description  of  the  Uystio 
Works  OB  page  35  of  this  Tolnme.] 

AlgCB. 


Jaly. 

Aug. 

Sep.. 

Oct 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

Msy.June. 

1.  CTANOPHTCBiB. 

Anab»na,  . 
Clathrocystis,    . 
Ca»Iospheriam»  . 

OscUlaria,  .       . 

2.  Palmkllacba. 

Chloroooeons,    . 

CoBlastrum, 
Conferva,    . 
Pandorina,.       . 
Pediastrum, 
Polyedrium, 
Baphidlam, 

Tetraspora, 

4.  Dbsxidiacba. 

Closterium, 

Cosmariam, 
Bnastrum, . 
Spirotasnia, 
Suurastrum,      . 
Stanrogenla, 

5.  DiATOMACBA. 

Achnanthes, 
Asterionella,      . 
Cocconels,  . 

First  year,  . 
Second  year, 

First  year,  , 
Second  year, 

First  year,  . 
Second  year, 

First  year,  . 
Second  year, 

First  ywir,  . 
Second  year, 

First  year,  . 
Second  year, 

First  year,  . 
Second  year, 

Flrrtyear,   . 
Second  year, 

Flmtyear,   . 
Second  year, 

First  year,   , 
Second  year. 

First  rear,   . 
Second  year, 

First  year,  . 
Second  year, 

First  year,  . 
Second  year, 

First  year,   . 
Second  year, 

First  year,  . 
Second  year, 

First  year,   . 
Second  year, 

First  ]DBar,   . 
Second  year, 

First  year,  . 
Second  year, 

First  year,   . 
Second  year, 

First  vear,   . 
Second  year. 

First  year,  . 
Second  year, 

First  year,  . 
Second  year. 

tew 
pr. 

v.abd 
pr. 

few 
few 

few 
few 

few 
few 

abd. 
few 

BOV. 

few 

few 
few 

few 

few 

sev. 

few 

few 
few 

few 

abd. 
few 

few 
few 

few 

few 

sev. 
abd. 

few 

_ 
few 

few 
few 

pr. 
pr. 

pr. 

few 

few 

pr. 
v.abd 

few 

few 

fe"w 
few 

few 
pr. 

fe'w 

few 

pr. 

£; 

few 
few 

fJW 

a^b^d. 

- 

few 

few 

few 

fe'w 
sev. 

V.AtKl 

few 
fe"w 

sev. 

few 

abd. 
v.abd 

sev. 
abd. 

few 

few 

abd. 

abd. 
v.abd 

abd. 
abd. 

abd. 

few 
abd. 

sev. 

abd. 
sev. 

few 
v.abd 

sev. 
v.abd 

few 
sev. 

sev. 

v.abd 

v.«bd 
v.abd 

few 

abd. 
sev. 

abd. 

few 

few 
abd. 

few 

sev. 

few 

v.abd 
abd. 

Digitized  by 


Google 


592 


WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


The  Service  Water  of  Charlestown  —  Coatinued. 
Alga — Concluded. 


July. 

A.ug. 

Sept. 

Oct 

Nov. 

Dee. 

Jan. 

Feb. 

Mar. 

Apr. 

May.  Jane. 

6.  DiATOMACEiB-Con. 

Cocconema, 

First  year,  . 
Second  year. 

- 

- 

fe"w 

- 

- 

- 

. 

- 

- 

- 

- 

- 

Encyonema, 

First  year,  . 
Second  year, 

- 

- 

_ 

- 

few 

tew 

- 

• 

- 

fe'w 

. 

- 

Fragillaria. 

First  year,  . 
Second  year, 

- 

. 

- 

- 

- 

_ 

. 

. 

- 

- 

- 

■ev. 

Oomphonema,   . 

First  year,  . 
Second  year, 

- 

" 

fe"w 

« 

few 

_ 

« 

- 

- 

_' 

- 

. 

Meloelra,    .       . 

First  year,  . 
Second  year. 

- 

SOT. 

sev. 
few 

few 
few 

sev. 

fe'w 

v.ibd 

abd. 
v.abd 

few 
abd. 

sev. 
v.abd 

abd. 

abd. 

Meridion,    . 

First  year,  . 
Second  year. 

- 

- 

- 

„ 

- 

few 

- 

^ 

sev. 

- 

- 

- 

Navicula,    . 

First  year,   . 
Second  year. 

- 

- 

. 

fe'w 

. 

fe'w 

- 

few 
sev. 

- 

.. 

sev. 

- 

Nltzchia,    . 

First  year,  . 
Second  year, 

- 

^ 

- 

fe"w 

- 

- 

- 

~ 

- 

. 

- 

- 

Kltzchiella, 

First  year,  . 
Second  year. 

- 

- 

- 

- 

. 

. 

- 

few 

- 

- 

- 

- 

Pinnalaria, 

First  year,  . 
Second  year. 

- 

tew 

. 

. 

few 

- 

. 

. 

- 

. 

- 

- 

BtanroneLs, 

First  year,  . 
Second  year, 

. 

- 

- 

. 

_ 

- 

" 

- 

- 

. 

few 

- 

First  year,   . 
Second  yefir, 

fJw 

abd. 

fe'w 

abd. 
few 

v.abd 
sev. 

abd. 
few 

- 

- 

- 

_ 

few 
sev. 

sev. 

abd. 

Synedra,    . 

First  year,  . 
Second  year. 

fe'w 

few 

fe"w 

sev. 
few 

pr. 
sev. 

pr. 
sev. 

sev. 
abd. 

abd. 
abd. 

sev. 
abd. 

sev. 

v.abd 

abd. 
v.abd 

•ev. 
sev. 

Tabellarla, . 

First  year,  . 
Second  year, 

- 

few 

- 

few 

rji 

£'w 

sev. 
sev. 

.%•. 

sev. 

abd. 

V.Hbd 

sev. 
abd. 

BOV. 

e«rv. 

6.  ZTOKBMAOKiB. 

Zygnema,   . 

First  year,  . 
Second  year. 

. 

„ 

- 

- 

. 

pr. 

_ 

. 

_ 

„ 

. 

- 

7.  VOLVOCINB-«. 

Budorina,  . 

First  year,   . 
Second  year. 

pr. 

few 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Volvojc, 

First  year,  . 
Second  year. 

" 

- 

- 

- 

few 

- 

- 

- 

- 

- 

- 

- 

Fungi, 


8.  SCHXZOXTCBTXS. 

Crenothrix, 
Leptothriz, 

First  year,   . 
Second  year. 

First  year,   . 
Second  year, 

- 

; 

few 

- 

- 

- 

few 

- 

- 

- 

- 

Animals. 

0.  Fbotozoa. 
Acineta,      . 

First  year,   . 
Second  year, 

- 

- 

- 

- 

pr. 

" 

- 

- 

- 

- 

- 

- 
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The  Service  Water  of  Charlestown — Concluded. 
Animals  —  Concluded. 


July. 

Ang. 

Sept 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May.  Jane. 

0.  Protoxoa— Oon. 
AcUnophrya,      . 

Ceratlnm,  . 

DU&Qgia,    . 

Dinobryon, 

Englena,    . 

Konaa,        .       . 
Peridlnlam, 

Trachelomonaa, . 

10.  Spongiarta. 

Sponge  spicules, 

11.  Nbmatoda. 

Augaillula, 

12.  Annslida. 

Kala,  .        .        . 

13.  RfXnFSRA. 

Anarea,      . 
Hooofltyla, 
Bottfera,*  . 

U.  EVTOMOST&ACA. 

Bosmlna,    . 
Cyclopa,     . 
Cyprls,       .       . 
Daphnla,    . 
Sntomoetraca,* . 

Firatyear,  . 
Second  year, 

Firatyear,  . 
Second  year, 

Firatyear,  . 
Second  year, 

Firatyear,  . 
Second}  ear, 

Firatyear.  . 
Second  year, 

Firatyear,  . 
Second  year, 

Firatyear,  . 
Second  year, 

Firatyear,  . 
Second  year, 

Firatyear,  . 
Second  year, 

Firatyear,  . 
Second  year, 

Firatyear,  . 
Second  year, 

Firatyear,  . 
Second  year, 

Firatyear,  . 
Second  year. 

First  year,  . 
Second  year, 

Flrat  year,   . 
Second  year, 

Firatyear,  . 
Second  year, 

Firatyear,   . 
Second  year, 

Firatyear,  . 
Second  year, 

Firatyear,  . 
Second  year, 

First  year,  . 
Second  year. 

pr. 
few 

seT. 

pr. 
pr. 

few 
pr. 

few 

abd. 
abd. 

pr. 

fe"w 
few 

few 

sev. 

few 

few 
few 

few 

« 

few 

few 
few 

few' 

sev. 

fe~w 

few 
few 

few 

pr. 
few 

sev. 

few 

Dr. 
few 

fe"w 
pr. 
few 

feW 

pr. 

pr. 
sev. 

few 

few 
pr. 

fe'w 

- 

fj*w 
pr. 

sev. 
few 

abd. 
sev. 

few 

few 
few 
few 

few 

few 

few 

few 
v.abd 

few 

few 
few 

few 
few 

few 

abd. 
fe'w 

few 

abd. 
v.abd 

few 

• 

few 

sev. 

few 

80V. 

sev. 

sev. 

few 
few 

few 

*  Genera  not  determined. 
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The  Seryice  Water  op  Cambridge. 

[For  ao  acooont  of  the  soarcM  of  this  water  the  reader  is  referred  to  the  description  of  the  water  supply 
of  Cambridge  on  page  86  of  this  volume.]  « 

AlgCR, 


July. 

Aug.  Sept.  Oct. 

Nov 

D«. 

Jan. 

Feb. 

Mar. 

Apr. 

May.June. 

1.  CTANOPHTCXJi. 

Aoabnna,  . 
Aphanocapsa,    . 
Clathrooystis.    . 
CoBlospherinm,  . 
Merismopedia,  . 

a.  PALMBLLACSiB. 

•    Chioroeoecas,    . 

8.  Zoospores. 
C(Bla«tmm, 

Conferva,   . 

Pandorlna, . 

Pedlastrnm, 

Poiyedrlnm, 

Raphidlam, 

Bccnedesmns,     . 

Telrasporn, 

4.  Desmidiacejb. 
Closteriam, 

Cosmarlam, 

Penium, 

Bpirotasnia, 

Btanrastrum, 

Btaurogenia, 

6.  Diatomacxjb. 
Amphora,  . 

Astenonclia, 

First  year,  . 
Becond  year, 

First  year,   . 
Second  year. 

First  year,   . 
Second  year. 

First  year,  . 
Second  year, 

First  year,   . 
Second  year. 

First  year,   . 
Second  year. 

First  year,  . 
Second  year. 

First  year,   . 
Second  year. 

First  year,   . 
Second  year, 

First  year,  . 
Second  year, 

First  year,  . 
Second  year. 

First  year,   . 
Second  year. 

First  year,    . 
Second  year. 

First  year,   . 
Second  year, 

First  year,   . 
Second  year. 

First  year,    . 
Second  year. 

First  year,   . 
Second  year, 

I'Mrstycnr,   . 
Second  year. 

First  year,   . 
Second  year. 

First  year,   . 
Second  year, 

Firot  yrnr,   . 
Second  year. 

First  year,   . 
Second  year. 

abd. 
abd. 

pr. 

pr. 

abd. 

few 

abd. 
sev. 

sev. 

Uw 

fe"w 

fJw 
few 

sev. 

few 

few 
fe'w 

sev. 
few 

fe"w 

fe'w 
few 

few 

few 
few 

sev. 
few 

few 

fe'w 

few 

few 

few 
f^w 

sev. 

few 

few 
few 

few 

few 

abd. 
few 

few 

few 

few 

fe"w 
few 

few 
pr. 

fe'w 

Dr. 
few 

pr. 
abd. 

few 
pr. 

fe'w 

fe'w 
pr. 

sev. 

abd. 
abd. 

few 

abd. 
few 

few 

fe'w 
few 

sev. 
sev. 

fe'w 
few 

J" 

1 . 

abd. 

abd. 
abd. 

abd. 
few 

few 
few 

- 

_ 

fe'w 

few 
few 

sev. 

abd. 
abd. 

abd. 

few 

few 

few 

v.abd 
abd. 

sev. 

few 
few 

sev. 

fe'w 

v.abd 
abd. 

sev. 

fe'w 

few 
sev. 

.; 

abd. 

v.abd 
vaibd 

B0W. 

sev. 
fJw 

few 

abd 
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The  Service  Wateb  of  Cambridge  —  Continued. 
Algm — Concluded.' 


• 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

- 

Apr. 

May 

June. 

6.  DlATOMACS.«-Con. 

Fraglllaria, 
Meiosira,     .        . 
Merldion,    . 
Navicula,    . 
Btephanodiscus, 
SurlreUa,    .       . 
Synedra,     . 
Tabellaria, .        . 

6.  VOLTOCIHRS. 

Eadorina,  . 
Volvox, 

First  year,   . 
Second  year, 

First  year,   . 
Second  year. 

First  year,   . 
Second  year. 

First  year,  , 
Second  year. 

First  year,  . 
Second  year. 

First  year,  . 
Second  year. 

First  year,  . 
Second  year. 

First  year,  . 
Second  year, 

Flmtyear,   . 
Second  year. 

First  year,  . 
Second  year. 

few 

pr. 
sev. 

pr. 

abd. 
few 

few 

few 
few 

v.mIhI 
few 

few 
few 

v.ribd 
few 

sJy. 
fe""w 

v.abd 
few 

abd. 
•ev. 

few 

sev. 

few 

fc7w" 

v.abd 

abd. 
abd. 

abd. 
fe%v 

sev. 
abd. 

abd. 
abd. 

abd. 
abd. 

sev. 
abd. 

sev. 
abd. 

abd. 

few 
sev. 

sev. 
v.abd 

abd. 
abd. 

abd. 

few 
sev. 

sev. 

v.abd 

v.nbd 
abd 

few 
sev. 

few 
few 

few 
few 

sev. 

abd. 
II  bd. 

sev. 
few 

Animals. 


7.  Protozoa.- 

Actlnophrys,      . 

Ccratium,   . 
Dlnobryon, 
Ilydromoram,    . 
Peridlnium. 
Traefaelomonas, 

Vorticella.  .       . 

8.  Sponoiaria. 

Sponge  spicules, 

9.  Xematoda. 

Angulllula, 

10.  UOTIPBRA. 

Anurea,      . 
R.Ufers,*  .        . 

First  year,  . 
Second  year, 

First  year,   . 
Second  year. 

First  year,   . 
Second  year, 

First  year,  . 
Second  year. 

First  year,   . 
Seconds  ear, 

First  year,   . 
Second  year, 

First  year,   . 
Second  year. 

First  year,  . 
Second  year, 

First  year,   . 
Second  year. 

First  year,   . 
Second  year, 

First  year,  . 
Second  year, 

pr. 
few 

fe"w 

few 
few 

few 

few 
few 
fe'w 

fe"w 

fe"w 
fe'w 

few 

few 
few 

few 
fe"w 

few 
few 

pr. 
pr. 

•  - 
few 

few 

few 
few 

1    I 

few 
few 

sev. 

sev. 

sev. 

v.abd 

fe"w 

fJW 

fo'w 
v.abd 

few 

few 
sev. 

few 
few 

few 

few 

few 
few 

*  Genera  not  determined. 
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WATER  SUPPLY  AND  SEWERAGE. 
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The  Service  Water  op  Cambridge  — 
Animals  —  Concluded. 

-  Concluded. 

July. 

Aug. 

Sept 

Oct. 

Not. 

Dec 

Jan. 

Fob. 

Mar. 

• 
Apr. 

May.  June. 

11.  Entomostbaca. 
•    Cyclopa,    .       . 

Baphnia,    . 

Enlomoetraca,* 

First  year,  . 
Second  year, 

Firatyear,  . 
Becond  year. 

First  year,   . 
Second  year. 

Bev« 
pr. 

pr. 

few 

few 

- 

^w 

. 

" 

few 

- 

- 

few 

*  Genera  not  determined. 

The  preceding  tables  are  of  value  not  only  as  records  of  the 
organisms  present  in  the  particular  water  supplies  examined,  but, 
since  they  extend  over  a  period  of  two  years,  they  afford  an 
opportunity  of  comparing  the  organisms  of  one  year  with  those 
of  another.  One  would  naturally  expect  that  the  changes  which 
the  organisms  show  in  one  year  would  be  reproduced  in  another ; 
and,  aside  from  some  few  deviations,  this  is  on  the  whole  true. 

A  glance  at  the  ts^bles  will  show  that  two  kinds  of  organisms 
are  to  be  recognized :  first,  those  which  are  only  occasionally  and 
irregularly  present,  and  which  for  the  most  part  are  represented 
only  by  small  numbers  of  individuals;  and,  second,  those. which 
are  much  more  regular  in  their  occurrence  and  which  are  usually 
represented  by  many  individuals. 

The  organisms  which  occur  in  great  numbers  are  obviously  the 
ones  least  likely  to  be  overlooked,  and,  consequently,  the  best  ones 
on  which  to  base  conclusions  concerning  the  relation  of  one  year 
with  another.  The  more  important  of  these  are  the  nineteen  genera 
which  are  marked  with  asterisks  in  the  table  for  Boston.  The 
record  of  these  genera  for  the  first  year  in  the  three  water  sup- 
plies examined  fairly  duplicates  the  record  for  the  second  year. 
The  coincidence  is  by  no  means  complete,  but  it  is  evident,  and 
in  some  cases,  as  for  instance  those  of  Anabsena  and  Staurastrum 
in  Boston,  it  is  very  nearly  perfect.  The  only  pronounced  excep- 
tions to  the  general  rule  of  coincidence  are  the  cases  of  Baphidium 
in  Boston  and  Chlorocpccus  and  Synedra  in  Cambridge.  These 
organisms  apparently  followed  different  courses  of  development  in 
the  first  year  from  what  they  did  in  the  second. 

The  conclusion  to  be  drawn  from  these  observations  is  that, 
although  some  exceptional  cases  may  be  presented,  as  a  rule  the 
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more  important  genera  reappear  in  a  given  year  in  much  the  same 
order  as  they  appeared  in  the  preceding  year. 


III.  —  The  Seasonal  Distribution  or  Organisms. 

The  following  tables  are  intended  to  present,  in  a  condensed 
form,  a  statement  of  the  seasonal  distribution  of  the  more  important 
organisms  in  potable  water,  and  to  serve  possibly  as  a  basis  for 
predicting  the  nature  of  organic  growths  in  waters  not  examined 
continuously  for  a  whole  year.  The  list  of  organisms  includes  the 
names  of  those  only  which  may  be  called  important  either  on 
account  of  their  abundance  or  the  frequency  with  which  they  have 
occurred.  The  organisms  are  arranged  according  to  their  natural 
groups. 

Each  genus  of  organisms  is  necessarily  represented  by  living 
individuals  throughout  the  whole  year,  yet  at  one  season  indi- 
viduals may  be  much  more  numerous  than  at  another.  The  tables 
of  seasonal  distribution  are  intended  to  show,  in  the  case  of  the 
organisms  enumerated,  the  frequency  with  which  periods  of  greatest 
numbers  have  presented  themselves  during  the  year.  These  tables 
have  been  constructed  from  observations  on  such  waters  only  as 
have  been  examined  continuously  for  a  whole  year.  In  making 
the  tables,  complete  sets  of  examinations  were  taken  and  the  periods 
of  greatest  numbers  for  each  organism  were  marked.  From  this 
record  the' tables  were  constructed.  The  method  of  interpreting  a 
table  can  be  made  clear  by  an  example.  For  this  purpose  Anabsena 
may  be  taken,  the  first  organism  in  the  following  table.  There 
were  56  complete  sets  of  observations  in  which  Anabaena  was 
present.  In  these  sets  the  periods  of  greatest  numbers  fell  once  in 
April,  twice  in  May,  seven  times  in  June,  and  so  on  as  shown  in 
the  table.  The  months  when  Anaboena  was  most  frequently  numer- 
ous were  July  and  August.  Admitting  the  year  which  this  table 
represents  to  be  typical,  one  would  not  expect  to  find  Anabaena  in 
great  numbers  during  January,  February  or  March.  During  the 
remainder  of  the  year  it  might  be  looked  for  even  in  considerable 
numbers,  although  the  period  of  its  most  frequent  occurrence  would 
be  July  and  August. 

With  this  explanation  the  following  tables  and  brief  notes  will 
probably  be  easily  understood. 
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I.  —  Aloje. 
1.    Oyanophyceoe.    {Blue-green  Algce.) 


Jan. 

Feb. 

Mar. 

Apr. 

Maj. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

I>ec 

TotAL 

AoabaBna,     . 

0 

0 

0 

1 

2 

7 

13 

13 

11 

6 

2 

1 

56 

ClathrocyBtlB, 

0 

1 

0 

1 

0 

1 

3 

14 

9 

4 

4 

0 

37 

Coelospherium,     , 

0 

1 

0 

0 

0 

4 

8 

5 

8 

2 

0 

0 

28 

These  three  genera  were  often  numerous  during'summur  and  fall,  especially  in  July,  AugusI  and 
Beptember. 

2,    Palmellacece, 


Jan. 

Feb. 

Mar. 

Apr. 

May.   June. 

July. 

1            1            ' 
Aug.     Sept.     Oct.  1  Nov.     Doc.  i  Total. 

Chlorococcus,  .    . 

0 

3 

5 

4 

3 

11 

34 

32 

11 

1 

3          2 

109 

3. 

Zoosporem. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

- 

TotaL 

Pedlastrum,  . 

0 

1 

2 

0 

8 

7 

13 

18 

11 

3 

0 

0 

01 

Baphidium,  . 

1 

1 

1 

2 

10 

8 

12 

13 

10 

4 

0 

0 

62 

Scenedesmus, 

2 

1 

1 

0 

10 

8 

23 

23 

13 

7 

3 

1 

92 

Tuese  three  genera  seem  to  have  two  periods  at  which  they  were  represented  by  excessive  numbers  ; 
a  short  one  in  May  and  a  longer  one  daring  July  and  August. 


4, 

Desmidiaceas, 

Jan. 

Feb. 

Mar. 

Apr. 

M.y. 

June. 

July. 

Aug. 

Sept. 

Oct, 

Nor. 

Dec- 

ToUl. 

Closterium,  . 

2 

2 

*  3 

8 

4 

4 

18 

8 

1 

3 

3 

1 

57 

Cosmarium, . 

1 

3 

1 

3 

2 

0 

9 

16 

7 

7 

1 

2 

5S 

Staurastrum, 

0 

1 

1 

.  5 

2 

7 

23 

11 

10 

4 

1 

« 

6& 

These  three  genera  were  most  frequently  numerous  during  July  aud  August. 

5.    DicUomacecc. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct- 

Nov. 

Dec. 

ToUL 

Asterionella, 

7 

4 

!    18 

19 

10 

7 

12 

4 

1     .2 

7 

7 

10 

107 

Melosira, 

7 

6 

10 

16 

10 

3 

12 

8 

5 

11 

9 

2 

99 

Stephanodiscus,  . 

1 

,   * 

5 

6 

9 

21 

7 

8 

1 

7 

7 

0 

76 

Synedra, 

5 

i  11 

n 

1 

12 

16 

21 

18 

5 

5 

1 

4 

5 

114 

Tabellaria,    . 

3 

.   i 

i" 

11 

10 

15 

7 

7 

3 

8 

4 

5 

91 

Theso  genera  of  diatonm  were  very  generally  present  throughout  the  year.    They   were  more 
frequently  numerous  from  March  to  July  and  during  October  than  at  other  times. 
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AuQJe. — Concluded. 
6.    Zygnemacece. 


Jan. 

Feb. 

BCar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

ToUl. 

Bpirogyra,    . 

0 

0 

0 

6 

1 

2 

5 

2 

1 

4 

1 

0 

21 

7. 

VolvocinecR, 

Jan. 

Feb, 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

Total. 

Volvox, 

0 

0 

0 

0 

1 

0 

3 

3 

4 

0 

2 

0 

13 

On  acconnt  of  the  ease  with  which  Volvox  la  destroyed  by  the  motion  of  transportation,  it  is 
probable  that  the  original  observations  on  this  organism  are  imperfect,  and  that,  therefore,  this  table 
Is  somewhat  defective. 

II.  —  Fungi. 
8.     Schizomycetea. 


Jan. 

Feb. 

Mar. 

Apr.    May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

Total. 

Crenothrlz.«                 1 

0 

0 

2 

2 

18 

45 

8 

2 

3 

1 

1 

78 

This  genns  was  distinctly  characteristic  of  June  and  July. 

*  In  the  report  of  the  bfologist  on  pages  89  to  M  of  the  Nineteenth  Annual  Report  of  this  Board, 
Crenothrix  is  referred  to  under  the  name  of  Hypheothrix. 

III. —  Animals. 
9.    Protozoa. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

Total. 

Dinobryon,  . 

A 

13 

19 

15 

11 

9 

9 

10 

2 

4 

4 

2 

102 

Peridlniam,  . 

5 

0 

13 

6 

5 

3 

23 

20 

8 

1 

2 

2 

97 

Trachelomonas,  . 

4 

7 

13 

6 

5 

5 

16 

n 

10 

7 

6 

3 

98 

These  three  genera  were  most  frequently  numerous  during  March,  July  and  August. 

10,    Spongiaria. 


. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June,  j  July.    Aug. 

Septj  Oct 

Nov. 

Dec. 

Total. 

Sponge  spicules,  .  !      0 

1 

4 

4   ;     4 

5 

3 

6 

4 

5 

3 

3 

42 

The  presence  of  sponge  spicules  indicates  the  disintegration  of  sponges.  This  may  or  may  not  be 
acoompanied  by  active  growth  on  the  part  of  the  sponge.  The  disintegration  is  generally  characteristic 
of  the  period  from  early  spring  to  early  winter. 
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Animals  —  Concluded. 
11.    Rotifera, 


[Dec. 


Jan. 

Feb. 

M.r. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Sot. 

Dec. 

ToUL 

Anurea, 
Polyarthra,  . 
Rotifers,*     . 

2 
0 
1 

1 
0 
4 

3 

1 
1 

3 
0 
2 

8 

1 
5 

8 
1 
6 

7 
1 
10 

12 

3 

*    2 

14 
4 
4 

4 

2 
3 

0 
2 
1 

0 
0 

1 

57 
40 

The  Rotifers  urere  rather  characteristic  of  summer  and  autumn. 


12.    Entomostraca. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

ToUL 

Bosmina, 

1 

1 

0 

0 

0 

2 

3 

3 

2 

2 

19 

Cyclops, 

1 

1 

3 

2 

10 

6 

12 

2 

0 

3 

55 

Daphnia, 

0 

0 

1 

0 

7 

8 

4 

4 

0 

1 

32 

DlaptorauB,  . 

0 

0 

0 

0 

0 

0 

2 

2 

2 

0 

7 

Entomostraca,*    . 

4 

4 

8 

2 

7 

7 

2 

2 

1 

1 

41 

The  Entomostraca  were  somewhat  more  frequently  present  during  summer  and  autumn  than  during 
the  remainder  of  the  year. 


A  Table  shounng  the  Months  when  Particular  Groups  of  Organisms  were  most 
frequently  represented  by  Excessive  Numbers, 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

CyanophyceiB, 
PalmellaceiB  (1  genus),  . 
ZoosporesB, 
DesmldiaceiB,  . 
DlatomacesB,    . 
Zygnemaceas  (1  genus), . 
VoWocineiD  (1  genus),   . 
Schlzomycetes  (1  genus), 
Protozoa, 
Spongiaria  (spicules),    . 

Rotifera 

Entomostraca, 

- 

- 

X 

X 
"  1 

X 
X 

X 
X 

X 

X 

- 
X 

X 
X 
X 
X 
X 
X 

X 
X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 
X 

X 
X 

- 

- 

*  Oenera  not  determined. 
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IV.  —  The  Distribution  of  Organisms  in  Waters  variously 

SITUATED. 

The  following  tables  are  intended  to  show  the  distribution  of 
organisms  as  determined  hy  the  conditions  with  which  they  are 
surrounded.  In  making  the  tables  it  was  necessary  to  adopt  some 
classification  for  the  different  kinds  of  water ;  and,  although  the 
groups  herein  presented  are  more  or  less  arbitrary,  it  is  hoped  that 
by  the  use  of  the  following  definitions  clearness  can  be  retained. 

Two  principal  divisions  of  natural  potable  waters  are  generally 
recognized :  ground  waters  and  surface  waters.  Ground  waters 
are  those  which  are  obtained  from  some  distance  below  the  sur- 
face of  the  soil,  and  which  presumably  have  been  in  that  position 
for  some  time.  Surface  waters  are  those  which  occur  exposed  on 
the  surface  of  the  soil.  There  can  be  of  course  no  sharp  line  drawn 
between  these  two  kinds  of  water.  Ground  waters  shade  imper- 
ceptibly into  surface  waters. 

Ground  waters  have  been  divided  into  four  sub-groups  as  fol- 
lows :  first,  waters  derived  from  driven  wells  or  deep  filter  gal- 
leries ;  second,  waters  obtained  from  natural  springs  as  they  issue 
from  the  earth ;  third,  ground  waters  from  either  of  these  sources 
stored  in  reservoirs  or  tanks  from  which  the  light  is  excluded ;  and, 
fourth,  ground  waters  stored  in  positions  exposed  to  the  light.  This 
last  group  can  be  said  to  represent  a  ground  water  which  is  being 
converted  into  a  surface  water. 

Depending  upon  the  positions  in  which  the  surface  waters  occur, 
nine  groups  have  been  distinguished.  They  are  as  follows :  first, 
surface  waters  in  natural  ponds,  lakes,  etc. ;  second,  waters  in 
artificial  ponds,  etc.  The  difference  between  artificial  and  natural 
ponds  is  made  to  depend  upon  the  past  and  present  water  level  of 
the  ponds.  If,  in  the  preparation  of  a  pond  for  a  water  supply, 
the  water  level  is  not  .materially  raised,  the  pond  would  be  classed 
as  a  natural  pond.  If,  on  the  other  hand,  the  water  level  is  so 
elevated  that  much  land  originally  uncovered  with  water  becomes 
covered,  the  pond  would  be  called  artificial.  Of  course  artificial 
ponds  can  be  made  by  damming  streams  as  well  as  by  raising  the 
level  of  natural  ponds.  This  group  includes  many  storage  reser- 
voirs. In  each  of  the  four  following  groups  surface  water  obtained 
from  various  sources  is  stored  in  open  reservoirs  or  tanks.  As  places 
for  the  temporary  storage  of  water  these  reservoirs  can  usually  be 
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distinguished  from  ponds  either  artificial  or  natural,  and  from  the 
majority  of  storage  reservoirs,  by  the  fact  that  their  bottoms  have 
been  especially  prepared  for  the  reception  of  the  water.  Of  course, 
in  the  case  of  most  artificial  ponds,  more  or  less  care  is  taken  in  the 
removal  of  brush  and  loam  from  the  land  before  it  is  flooded ;  but  this 
preparation  is  by  no  means  so  extensive  as  that  involved  in  the  con- 
struction of  a  distributing  reservoir.  Beside  this  characteristic  the 
reservoirs  included  in  these  four  groups  have  usually  been  built  in 
places  not  previously  occupied  by  water,  as  for  instance  hill  tops, 
whereas  artificial  ponds  and  the  majority  of  storage  reservoirs  occupy 
the  position  of  former  ponds  or  water  courses.  The  source  of  the 
water  has  been  made  the  distinguishing  feature  in  the  four  groups. 
The  first  of  these  includes  water  stored  in  reservoirs  or  tanks  and 
obtained  from  natural  ponds ;  in  the  second  group  the  water  is 
obtained  from  artificial  ponds ;  in  the  third,  from  rivers  or  brooks ; 
and,  in  the  fourth,  the  reservoir  or  tank  is  filled  with  partially 
filtered  surface  water.  The  three  remaining  kinds  of  surface  water  are 
water  from  rivers,  water  from  brooks  and  partially  filtered  surface 
water  taken  directly  from  the  filters.  This  last  kind  might  be  said 
to  represent  a  sui'face  water  which  by  filtration  was  being  converted 
into  a  ground  water,  but  in  which  the  method  of  filtering  employed 
was  too  imperfect  to  accomplish  this  conversion  completely  or  to 
remove  many  of  the  smaller  algae.  The  waters  consequently  are 
described  aa  partially  filtered. 

Of  the  following  tables  one  is  devoted  to  the  representatives  of 
each  of  the  more  important  groups  of  organisms.  The  kinds  of 
water  as  previously  defined  are  enumerated  on  the  left-hand  side 
of  the  table.  The  column  of  figures  to  the  extreme  right  represents 
the  total  number  of  observations  made  on  particular  kinds  of  water ; 
the  remaining  columns  show  the  number  of  times  a  given  organism 
was  present  in  a  given  kind  of  water.  The  generic  names  of  the 
organisms  are  found  at  the  head  of  their  appropriate  columns.  In 
addition  to  these  general  tables  special  tables  have  been  constructed 
for  some  of  the  groups.  These  are  designed  to  illustrate  particular 
facts  in  the  distribution  of  the  organisms  not  easily  seen  in  the  gen- 
eral tables.  Both  kinds  of  tables  are  arranged  according  to  the 
natural  classification  of  the  groups  of  organisms  for  which  they 
were  constructed. 
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I.  —  Aloje. 
1.  Cyanophycece. 


^ii 

S 

i 

KIXD8  or  Wateb. 

i 

1 

1 

ot 

A 

1 

8 

1* 

t/ 

o 

f- 

Driven  wellR,  deep  filter  galleries,  etc., 

Springs 

Closed  reseiTolrB 

Open  reservoirs 


323 
24 
34 

163 


Natural  pondsi 

Artificial  ponds 

Open  reservoirs : 

from  nataral  ponds,  .... 

from  artificial  ponds, 

from  rivers  and  brooks,    . 

from  partially  filtered  surface  water, 
Rivers, 
Brooks, 
Partially  filtered  surface  water. 


55 
42 

1 

17 
23 

2 
21 

2 

1 


44 
67 

0 
10 
21 

0 
14 

2 

2 


1 
7 
2 
0 
10 
0 
0 


37« 

14 
11^ 
190 

67 
654 

91 

61 


In  moving  surface  waters. 
In  itanding  sorfaoe  waters, 


23 
140 


16 
13S 


19 
44 


645 
1145 


In  moving  surface  waters 

In  stondin^  surface  waters,      .... 
In  open  reservoirs  filled  from  rivers  and  brooks, 


ZM 

2.6* 

12.0^ 

12.0)S 

12.1^ 

ll.Ojt 

1.6* 
8.8* 
1.0* 


100*. 

100* 

100* 


The  Cyanopfaycese,  as  represented  by  the  three  genera  named  in  this  table,  are  generally  absent  from 
ground  waters  even  when  these  are  contained  Id  open  reservoirs.  On  the  other  hand,  they  occur  In  sur- 
face waters  in  almost  all  situations.  As  the  smaller  table  shows,  they  are  more  abundant  in  standing 
surface  water  than  in  that  which  Is  In  motion.  This,  In  all  probability,  is  due  simply  to  the  motion  of 
the  water,  which  when  violent  is  known  to  destroy  these  delicate  plaots,  although  the  previous  history 
of  the  water  (whether  it  comes  directly  from  a  pond  or  is  collected  from  a  broad  watershed  or  some 
other  source)  has  unquestionably  more  or  less  infiuence  in  determining  the  character  and  amount  of  the 
organisms  contained.  That  the  difference  between  the  blue-green  algao  of  moving  and  qnlet  water  is  not 
due  to  a  difference  in  the  qualities  of  the  water  is  evident  from  the  fact  that,  when  water  from  rivers  or 
brooks  is  stored  In  open  reservoirs,  the  growth  of  these  plants,  excepting  Ccelospherium,  is  almost  as 
general  as  in  the  average  of  other  standing  surface  water. 
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Alg.c  —  CoDtinaed. 
2.  Pdhnellacem. 


^.• 

».= 

= 

'£% 

KiXDS  OF  Water. 

li 

s 

V 

»  I  Driven  wellB,  deep  filter  galleriea,  etc., 

^  5  I  Spring*. 

^'^    Cloied  reftervolrB 

Open  reservoirs, 


12 

1 

1 

55 


323 
24 
S4 

163 


Natural  ponds, 

Artificial  ponds 

Open  reservoirs : 

from  natural  ponds, 

from  artificial  ponds, 

from  rivers  and  broolcs,  . 

from  partially  filtered  surface  water, 

Rivers, 

Brooks 

Partially  filtered  surface  water,    . 


118 
141 

9 
54 
53 
25 
178 
15 

6 


3S6 
378 

14 
112 
190 

57 
554 

01 

51 


Excepting  in  tlie  open  reservoirs,  where  It  is  frequently  present,  Chlorococcus  occurs  only  occasion- 
ally in  ground  waters.  It  is  generally  present  in  surface  waters,  occurring  in  about  35  per  cent,  of  the 
standing  waters  and  30  per  cent,  of  those  in  motion. 

5.  Zoospores. 


• 

M 

g 

a 

3 

1? 

Kinds  of  Water. 

• 

1 

a 
2 

■a 

a 

1 

Si 

V 

s 

Driven  wells,  deep  filter  galleries,  etc 

0 

2 

4 

323 

Springs 

0 

0 

1 

24 

l^ 

Closed  reservoirs, 

0 

0 

0 

34 

Open  reservoirs, 

4 

18 

51 

163 

Natural  ponds, 

Artificial  ponds, 

Open  reser^-olrs  : 

from  natural  ponds,  .... 

from  artificial  ponds, 

from  rivers  and  brooks,    . 

from  partially  filtered  surface  water. 

Rivers,       . 

Brooks, 

Partially  filtered  surface  water,     . 


19 

21 

61 

44 

48 

109 

0 

4 

2 

9 

11 

30 

38 

15 

55 

" 

15 

20 

55 

58 

133 

2 

4 

12 

7 

7 

26 

3S6 
376 

14 
112 
190 

57 
554 

91 

61 


The  Zoosporeee,  as  representt'd  by  the  three  genera  in  this  table,  occur  In  ground  waters  when 
stored  in  open  reservoirs  and  In  surface  waters  generally.  They  are  present  somewhat  more  f  reqnently 
in  standing  than  in  moving  water.  Of  the  three  genera  mentioned,  Pedlastrum  occurs  less  frequently  and 
Bcenedesmus  most  frequently. 
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Ajlgm — Continued. 
4.  DesmididcecB. 


Kinds  of  Watks. 


S 

5 


DriTen  wells,  deep  filter  galleries,  etc., 

SpriDgs, 

Closed  reservoirs, 

Open  reservoirs, 

Natural  ponds, 

Artificial  ponds, 

Open  reservoirs : 

from  natural  ponds,  .... 

from  artificial  ponds, 

from  rivers  and  brooks,    . 

from  partially  filtered  surface  water, 

Rivers, 

Brooks 

Partially  filtered  surface  water. 


0 

0 

0 

16 


22 


1 

8 
18 

3 
66 
12 

2 


15 
36 

1 

7 
17 

2 
63 
12 

2 


53 

106 

3 

26 
34 

0 
50 


These  Desmlds  occur  principally  in  open  reservoirs  of  grouod  waters  and  In  surface  waters. 

o.  Dialomacece. 


24 
34 
163 


386 
376 

14 
112 
190 

57 
554 

91 

61 


1 

^ 

i 

£S 

Kinds  or  Watbh. 

1 

li 

1 

1 

1 

j 

S    Driven  wells,  deep  Alter  galleries,  etc.,    . 

40 

.  26 

9 

29 

14 

823 

5    Springs, 

3 

4 

0 

5 

1 

24 

g^    Closed  reservoirs, 

2 

2 

0 

3 

1 

34 

S     j  Open  reservoirs, 

50 

16 

11 

88 

14 

163 

Natural  ponds, 

174 

168 

163 

184 

165 

386 

Artificial  ponds 

153 

147 

64 

228 

179 

376 

«    ■  Open  reservoirs : 

s 

from  natural  ponds, 

11 

5 

5 

11 

4 

14 

i 

from  artificial  ponds, 

77 

72 

60 

66 

69 

112 

s 

from  rivers  and  brooks,       .... 

84 

89 

25 

106 

91 

190 

5 

from  partially  filtered  surface  water. 

32 

17 

3 

47 

7 

67 

00 

Rivers 

178 

229 

54 

452 

287 

554 

Brooks, 

8 

27 

19 

66 

23 

91 

Partially  filtered  surface  water. 

8 

12 

2 

17 

9 

61 

In  Handing  surface  water, 

47i< 

44^ 

m 

57f{ 

46?( 

100* 

In  moving  surface  water, 

28# 

39jJ 

11* 

80j( 

48* 

100* 

The  genera  of  Diatoms  enumerated  in  this  table  occur  sparingly  in  the  first  three  kinds  of  ground 
waters;  they  are  generally  abundant  in  ground  water  stored  In  open  reservoirs  and  in  all  surface  waters. 
Bynedra  and  Tabellaria  are  more  generally  chai^cteristic  of  rivers  and  brooks  than  of  standing  surface 
water;  the  other  genera  occur  more  frequently  in  standing  water. 
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AuaM  —  Concluded. 
6,  ZygnemacecB  and  7.  VolvocinecR. 


KXKD3  OF  WATKR. 


s 


Driven  wells,  deep  filter  galleries,  etc., 

Springs 

Closed  reservoirs,         .... 
Open  reservoirs 


24 
S4 

163 


Natural  ponds 

Artificial  ponds 

Open  refiervoirs : 

from  natural  ponds,       .        .        .        . 

from  artificial  ponds,     .       .        .        . 

from  rivers  and  brooks, 

from  partially  filtered  surface  water,  , 

Rivers, 

Brooks, 

Partially  filtered  surface  water,  . 


0 

8 

7 

8 

0 

0 

2 

2 

4 

8 

4 

0 

17 

8 

2 

0 

7 

0 

3S6 
376 

14 
112 
190 

57 
654 

01 

51 


II.  — Fungi. 
8.  Schizomyceies, 


Ki:!«I>8  OF  Watks. 


li 

ll 


o 


Driven  wells,  deep  filter  galleries,  etc., 

Springs, 

Closed  reservoirs, 

Open  reservoirs,      ...... 

Natural  ponds,        ..... 

Artificial  ponds 

Open  reservoirs : 

from  natural  ponds, 

from  artificial  ponds, 

from  rivers  and  brooks,  . 

from  partially  filtered  surface  water. 

Rivers,  ' 

Brooks. 

Partially  filtered  surface  water,    . 


30 
3 

0 
2 


24 

W 

163 


14 
26 

0 
3 
12 
0 
67 
10 
21 


376 
14 

lis 

190 

67 

554 

91 
51 


Crenothrlz  occurred  in  a  moderate  number  of  InsUnces  in  all  kinds  of  water, 
quently  prerant  in  partially  filtered  surface  water. 


It  was  moat  fx«. 
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III. —  Animals. 
9.  Protozoa. 


KISD8  or  Watik. 


I 


K  Driven  wells,  deep  filter  gallciies,  etc., 

%  Springe 

S''  Closed  reserroirfl, 

S  Open  reeervoira,       .        .        .        .        . 


Xataral  ponda 

Artificial  ponds, 

Open  reservoirs : 

from  natural  ponds,  .... 

from  artificial  ponda, 

from  rivers  and  brooks,    . 

from  partially  filtered  surface  water. 

Rivers 

Brooks, 

Partially  filtered  surface  water, 


12 
0 
0 

31 


6 

0 
0 

26 


173 
105 

11 
59 
88 
12 
204 
19 
4 


125 

3 
80 
64 
10 
103 
13 

4 


9 

0 

0 

31 


87 
104 

0. 
42 
44 
15 
104 
13 


323 
24 
S4 

163 


3S0 
376 

14 
112 
190 

57 
554 

91 

51 


Each  of  the  three  genera  of  Protozoa  mentioned  in  this  table  occurred  in  a  few  samples  of  the 
water  from  driven  wells,  etc.  Excepting  the  water  of  open  reservoirs,  the  other  liiiids  of  ground 
water  showed  no  trace  of  these  organisms.  The  Protozoa  occur  very  frequently  in  open  reservoirs 
filled  with  ground  water  and  in  all  kinds  of  surface  water. 


10.  Spongiaria, 


Driyen  wells,  deep  filter  galleries,  etc. 

Springs, 

Closed  reservoirs,   .... 
Open  reservoirs,      .... 


Natural  ponds, 

Artificial  ponds, 

Open  reservoirs : 

from  natural  ponds, 

from  artificial  ponds, 

from  rivers  and  brooks,  . 

from  partially  filtered  surface  water, 
Rivers 


Brooks, 

Bartially  filtered  surface  water. 


15 
15 

0 
6 
5 
2 
SO 
9 
0 


24 
34 
183. 

386 
376 

14 
112 
190 

67 
554 

91 

15 


Judging  from  the  presence  of  spicules,  the  growth  of  sponges  is  more  general  in  surface  than  in 
ground  waters.  In  running  surface  water,  spicules  were  present  iu  0.9  per  cent,  of  the  samples  exam« 
Ined ;  in  standing  water  they  were  observed  in  only  about  3.7  per  cent,  or  the  examinations.  Their  more 
frequent  occurrence  in  running  water  may  be  due  to  the  fact  that  the  spicules  would  probably  settle  to 
the  bottom  less  easily  in  running  than  in  quiet  water.  Nevertheless,  for  reasons  which  will  be  given  in 
section  VT.  of  my  report,  it  is  probable  that  the  more  frequent  occurrence  of  spicules  in  running  water 
indicates  a  more  frequent  growth  of  sponge  in  that  position. 
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Alg^  —  Concluded. 
6,  ZygnemacecR  and  7.  Volvocinece. 


KlXDS  OF  WaTKB. 


1^ 

I 


s 


S  '  Driven  wells,  deep  filter  ^Uerles,  etc., 

Springs, 

Closed  reservoirs,         .... 
Open  reservoirs, 


328 
24 
34 

163 


Natural  ponds, 

Artiflclai  ponds 

Open  rerarvoirs : 

from  natnral  ponds, 

from  artificial  ponds,     . 

from  rivers  and  brooks, 

from  partially  filtered  surface  water, 

Rivers, 

Brooks, 

Partially  filtered  surface  water,  . 


0 
7 

0 
2 

4 
4 
17 
2 
7 


as6 

376 

U 
112 
190 

67 
654 

91 

51 


IL  — Fungi. 
8,  Schizomyceies. 


Kinds  of  Watkr. 


Is 

^  ■ 


Driven  wells,  deep  filter  galleries,  etc., 

Springs 

Closed  reservoirs, 

Open  reservoirs,      ..... 

Natural  ponds. 

Artificial  ponds, 

Open  reservoirs : 

from  natnral  ponds, 

from  artificial  ponds, 

from  rivers  and  brooks,  . 

from  partially  filtered  surface  water. 

Rivers,  '  

Brooks, 

Partially  filtered  surface  water,    . 


30 

3 
9 
2 


323 
24 
84 

163 


14 


0 
3 
12 
0 
67 
10 
21 


3S6 
376 

14 
112 
190 

67 
664 

91 

61 


Crenothrlx  occurred  in  a  moderate  number  of  instances  In  all  kinds  of  water, 
quently  present  In  partially  filtered  snrface  water. 


It  was  most  fre- 
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III.  —  Animals. 
9.  Protozoa. 


Driven  wells,  deep  filter  galleries,  etc., 

^  5     BpringB. 

g^  I  Closed  reserToirs,     .... 

s 

c 


12  6  9 

0:0  0 

0  0  0 


Open  reservoirs, 


31 


26    j 


31 


323 
24 


Natural  ponds 173 

I  Artificial  ponds, loo 

I  Open  reservoirs : 

from  natural  ponds 

from  artificial  ponds, 

from  rivers  and  brooks, 

from  partially  filtered  surface  water,      .... 

Rivers, 

Brooks, 

Partially  filtered  surface  water 


11 

59 
88 
12 
204 
19 
4 


I 


125 

3 

30 

10 

lOS 

13 

4 


87 
104 

0. 
42 
44 
15 
104 
13 

6 


380 
376 

14 
112 
190 

57 
&54 

01 

61 


Each  of  the  three  genera  of  Protozoa  mentioned  in  this  table  occurred  in  a  few  samples  of  the 
water  from  driven  welU,  etc.  Excepting  the  water  of  open  re»ervoir«,  the  other  kinds  of  ground 
water  showed  no  trace  of  these  organisms.  The  Protozoa  occur  very  frequently  in  open  restir\'oira 
filled  with  ground  water  and  in  all  kinds  of  surface  water. 

10.  Spoyigiarin. 


Driyen  wells,  deep  filter  galleries,  etc., 

Springs, 

Closed  reservoirs, 

Open  reservoirs, 

Natural  ponds 

Artificial  ponds, 

Open  reservoirs : 

from  natural  ponds, 

from  artificial  ponds, 

from  rivers  and  brooks,  . 

from  partially  filtered  surface  walcr, 

Rivers 

Brooks, 

Bartially  filtered  surface  water,    . 


323 
24 
34 

18J 


15 
15 


86 
9 
0 


386 
376 

14 
112 
190 

57 
554 

91 

15 


Judging  from  the  presence  of  spicules,  the  growth  of  sponges  is  more  general  in  surfui-o  than  in 
ground  waters.  In  running  surface  water,  spicules  were  present  iu  6.9  per  cent,  of  the  samples  exam- 
ined ;  in  standing  water  they  were  observed  in  only  about  3.7  per  cent,  of  the  examinations.  Their  more 
frequent  occurrence  in  running  water  may  be  due  to  the  fact  that  the  spicules  would  probably  settle  to 
the  bottom  less  easily  in  running  than  in  quiet  water.  Nevertheless,  for  reasons  which  will  be  given  in 
•ection  VI.  of  my  report,  it  is  probable  that  the  more  frequent  occurrence  of  spicules  in  running  water 
indicates  a  more  frequent  growth  of  sponge  In  that  position. 
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Animals  —  Concluded. 
11.  Rotifer  a. 


Driven  wells,  deep  filter  galleries,  etc. 

Springs 

Closed  reservoirs,     .... 
Opea  reservoirs 


Natural  ponds, 

Artificial  ponds, 

Open  reservoirs : 

from  natural  ponds,  .... 

from  artificial  ponds, 

from  rivers  and  brooks,    . 

from  partially  filtered  surface  wator, 

Rivers, 

Brooks, 

Partially  filtered  surface  water, 


41 

47    I 


0 

2 

14 

6 

1    0 

0 

21 

3 

0 

0 

1 

9 
6 
3 

11 

1 
0 


24 
34 

163 


386 
376 

14 
112 
190 

57 
564 

91 

51 


12.  Entomostraca, 


Kinds  op  "Wxtkr. 


i 


I* 


Driven  wells,  deep  filter  galleries,  etc.,    . 

Springs, 

Closed  reservoirs, 

Open  reservoirs 


0  .         1 

0  0 

0  0 

2  5 


2 

0 
0* 
10 


323 
24 
34 

163 


I  Natural  ponds 

'  Artificial  ponds 

I  Open  re8er\'oirs  : 

I  from  natural  ponds,  .  .  .  . 
'  from  artificial  ponds,  .  .  .  . 
i         from  rivers  and  brooks, 

'     from  partially  filtered  surface  water, 

Rivera,  

Brooks 

Partially  filtered  surface  water, 


16 


3S6 


0  1 

3  , 

2 

0 

1 

14 

^  i 

11 

3 

1 

6 

112 

4  1 

11 

6 

0 

5 

190 

0 

1 

0 

0 

0 

57 

4  1 

12 

8 

0 

5 

554 

0 ; 

*  i 

0 

0 

0 

91 

0  1 

3 

1 

0 

2 

51 

The  RoUfera  and  Entomostraca  occur  for  the  most  part  in  open  re8er%'olr8  filled  with   ground 
water  and  In  all  kinds  of  surface  water. 


*  Genera  not  determined. 
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V.  —  The  Purification  of  Water  rendered  Impure  by  Organic 

Growths. 

The  importance  that  organisms  possess  in  their  relation  to  the 
disagreeable  odors  and  tastes  in  natural  waters  has  already  been 
pointed  out,  and  the  desirability  of  being  able  to  check  their  growth 
must,  therefore,  be  apparent.  The  following  account  cannot  pretend 
to  do  more  than  outline  what  appear  at  present  to  be  the  most 
promising  methods  of  attaining  this  end,  and  it  must  remain  for 
future  experimentation  to  determine  whether  or  not  these  methods 
are  practicable. 

That  particular  organisms  are  present  in  certain  waters  and  absent 
from  others  is  a  fact  which  requires  no  demonstration.  If  the 
economy  of  these  organisms  were  fully  understood  and  the  influence 
of  their  surroundings  completely  appreciated,  it  is  probable  that 
their  presence  or  absence  from  a  given  water  could  be  fully 
accounted  for.  Once  having  suflScient  knowledge  to  take  this  step 
it  is  also  probable  that  means  might  be  devised  by  which  the  growth 
of  these  organisms  in  other  waters  might  be  effectually  checked. 
Unfortunately  a  knowledge  of  organisms  complete  enough  for  this 
purpose  is  not  at  present  to  be  had,  and  the  best  that  can  be  done  is 
to  endeavor  to  gain  some  clew  to  the  more  important  influences 
which  determine  the  presence  or  absence  of  those  organisms  with 
which  we  have  to  deal. 

In  order  to  gain  some  idea  of  the  nature  of  these  influences  it  will 
be  necessary  to  return  to  the  tables  in  the  preceding  section.  It 
will  be  recalled  that  the  organisms  mentioned  in  these  tables  were 
grouped  under  three  chief  heads :  Algte,  Fungi  and  Animals.  By 
comparing  the  various  tables  it  will  be  observed  that  the  algse, 
although  generally  present  in  surface  waters,  were  found,  with  very 
few  exceptions,  in  only  those  ground  waters  which  were  stored  in 
open  reservoirs.  Crenothrix,  the  only  representative  of  the  fungi, 
was  present  in  all  classes  of  water.  The  distribution  of  the  animals 
is  essentially  the  same  as  that  of  the  algas.  If,  now,  the  kinds  of 
water  be  compared,  it  will  be  seen  that  the  algce  were  absent  for  the 
most  part  from  the  water  of  driven  wells,  filter  galleries,  springs  and 
closed  reservoirs.  These  are  situations  in  which  the  water  is  either 
not  open  to  the  light  or  is  newly  exposed  to  it.  In  all  other 
situations  described,  the  water  is  open  either  to  direct  or  difiused 
sunlight.     The  algce  then   are   present  in  waters   exposed  to  the 
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light  and  absent  from  waters  inaccessible  to  it.  It  has  long  been 
known  that  sunlight  is  essential  to  the  continued  life  of  not  only 
the  alg8B  but  all  green  plants.  It  is,  therefore,  not  surprising  that 
the  algJB  occur  only  in  lighted  situations.  To  them  light  is  an 
essential  element  in  the  production  of  their  food.  Hence  the  absence 
of  light  determines  the  absence  of  algte. 

With  a  view  of  determining  to  what  extent  food  and  its  produc- 
tion should  be  regarded  as  a  controlling  factor  in  the  growth  of  or- 
ganisms, it  will  be  necessary  to  examine  somewhat  more  closely  the 
character  of  the  food  of  different  organisms.  The  living  substance 
of  all  organisms  is  composed  principally  of  four  chemical  elements 
united  in  very  complex  compounds.  These  elements  are  carbon, 
hydrogen,  oxygen  and  nitrogen.  In  addition  to  these  there  are 
several  others  which,  although  constant  in  their  occurrence,  are 
present  only  in  very  small  quantities.  The  wear  and  tear  in 
the  body  of  an  organism  necessitates  the  destruction  of  many  of 
the  compounds  in  its  substance,  and  as  a  result  there  is  a  continual 
escape  from  its  body  of  material  including  the  four  elements  already 
mentioned.  In  order  to  replace  this  loss  the  organism  necessarily 
appropriates  new  material,  which  must  contain  at  least  a  fair  pro- 
portion of  the  four  elements  named.     This  constitutes  its  food. 

In  the  case  of  green  plants — and  this  statement  of  course  includes 
the  algffi  —  the  source  of  the  four  principal  constituents  of  the  food 
has  been  carefully  ascertained  by  experiment.  It  is  known  that  the 
carbon  is  usually  derived  from  the  carbon  dioxide  of  the  surround- 
ing atmosphere  or  water ;  that  the  hydrogen  is  obtained  by  decom- 
posing water  which  consists  of  a  union  of  hydrogen  and  oxygen, 
and  that  the  oxygen  can  be  taken  from  either  the  carbon  dioxide, 
the  water  or  both.  It  is  equally  well  known  that  the  uncombined 
nitrogen  of  the  air  is  practically  inaccessible  to  green  plants,  and 
that  their  nitrogen  is  derived  from  the  decomposition  of  compounds 
of  nitrogen,  such  as  ammonia  or  some  nitrate.  The  simplest  diet, 
then,  on  which  a  green  plant  might  subsist,  considering  only  the 
chief  elements,  is  carbon  dioxide,  water  and  some  nitrate  or  other 
compound  of  nitrogen. 

If  a  green  plant  were  presented  with  the  three  compounds  named 
and  no  other  assistance  were  given  it,  it  would  be  entirely  unable 
to  reorganize  these  compounds  for  the  use  of  its  body.  In  order 
that  a  reorganization  should  take  place  it  is  necessary  that  a  supply 
of  energy  be  at  hand  by  which  the  requisite  chemical  changes  can 
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be  effected.  This  supply  of  energy  the  green  plant  finds  in  the 
sunlight ;  hence  the  vital  importance  of  this  factor  to  the  plant. 

The  changes  which  have  thus  far  been  described  are  accomplished 
by  green  plants  only.  The  color  which  these  plants  possess  is  due 
to  chlorophyl,  a  green  coloring  matter  produced  in  their  tissues. 
Chlorophyl,  as  might  be  suspected,  is  intimately  connected  with 
the  reorganization  of  the  food,  and  in  fact  is  essential  to  it.  From 
these  various  statements  the  general  conclusion  may  be  drawn  that 
all  plants  possessing  chlorophyl,  when  supplied  with  the  necessary 
simple  compounds  and  in  the  presence  of  sunlight,  have  the  power 
of  organizing  their  own. food.  All  other  organisms  —  i.  e.,  plants 
without  chlorophyl  (fungi),  and  animals  —  are  without  this  power. 
Plants  without  chlorophyl,  and  animals,  obtain  their  food  already 
organized  either  directly  from  green  plants  or  indirectly  through 
other  organisms,  which  in  turn  depend  for  their  food  upon  green 
plants.  Thus  all  animals  or  plants  not  capable  of  organizing  their 
own  food  are  dependent  either  directly  or  indirectly  upon  green 
plants  for  their  nourishment. 

Having  thus  shown  the  relation  which  organisms  with  and  without 
chlorophyl  bear  to  their  food,  it  would  be  well  to  return  to  the 
tables  previously  cited  and  examine  them  more  critically  to  deter- 
mine whether  in  their  detail  any  exceptional  features  are  presented. 

The  presence  of  algae  in  almost  all  instances  of  water  exposed  to 
the  light  is  a  perfectly  natural  condition.  Their  presence,  even  in 
small  numbers,  in  situations  described  as  dark  is  not  what  might  be 
anticipated.  This  fact,  which  is  evident  from  an  inspection  of  the 
tables,  is  not,  however,  inconsistent  with  the  general  statement 
already  advanced ;  for  in  many  instances  wells,  and  especially  filter 
galleries,  described  as  dark  have  proven  on  examination  to  be  acces- 
sible to  the  light  either  through  defective  roofs  or  walls  or  by 
ventilating  shafts,  etc.  The  amount  of  light  admitted  in  these  cases 
is  of  course  very  small,  but  nevertheless  it  is  often  enough  to  render 
possible  a  limited  growth  of  green  algre.  An  illustration  of  the 
growth  of  algie  under  these  circumstances  is  afforded  in  the  case  of 
the  water  supply  of  Dedham.  The  well  of  this  water  supply  was 
described  as  covered  to  exclude  the  light  (see  page  114),  neverthe- 
less the  water  from  the  well  had  continually  present  in  it  a  small 
number  of  diatoms.  On  carefully  inspecting  the  well  the  roof  was 
found  to  be  slightly  defective,  so  that  on  clear  days  a  small  beam  of 
sunlight  fell   on   the   water  and  north  wall.     Scrapings  from  this 
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wall  contained  a  few  diatoms ;  scrapings  from  the  south  wall  on 
which  no  light  fell  contained  no  green  algee.  The  few  diatoms 
found  in  the  water  pumped  from  the  well  doubtless  came  from 
the  growth  established  on  the  north  wall.  The  kinds  of  algae 
which  inhabit  these  partially  lighted  situations  are  not  very  numer- 
ous ;  Chlorococcus,  Asterionella,  Melosira,  Synedra  and  Tabellaria 
are  the  principal  genera.  Although  I  am  of  opinion  that  the 
majority  of  records  of  green  algas  in  situations  described  as  dark  are 
to  be  interpreted  as  cases  in  which  perfect  darkness  is  not  attained, 
as  at  Dedham,  still  it  is  possible  that  some  of  these  cases  may  be  the 
result  of  accidents  in  collection  or  examination.  Thus  the  rinsing 
of  apparatus  after  the  examination  of  one  water  may  have  been 
imperfectly  done  in  some  cases,  so  that  a  few  organisms  may  have 
been  introduced  into  the  second  water  examined.  Such  accidents, 
however,  must  have  been  exceptional. 

Since  the  animals  are  dependent  upon  the  algre  for  food,  it  is 
natural  that  their  presence  should  coincide  very  nearly  with  that  of 
the  algaj. 

Crenothrix,  the  only  fungus  tabulated,  is  present  in  nearly  all 
classes  of  water.  There  are  many  reasons  for  believing  that  this 
plant  does  not  possess  the  power  of  organizing  its  food.  Neverthe- 
less, it  occurs  in  positions  where  there  are  practically  no  algee.  The 
character  of  its  food  must,  therefore,  be  somewhat  different  from 
that  of  animals  with  which  it  has  been  previously  associated.  Ani- 
mals eat  either  whole  plants  or  animals  or  fragments  of  these; 
Crenothrix  thrives  in  positions  where  not  even  fragments  are  to  be 
obtained.  It  is  probable  that,  like  many  of  its  relations,  Crenothrix 
subsists  upon  the  small  amount  of  organic  matter  dissolved  in  many 
waters.  In  other  words,  it  is  capable  of  deriving  all  of  its  necessary 
nourishment  from  very  dilute  infusions.  Such  being  the  case,  one 
would  expect  to  find  it  most  abundant  in  water  rich  in  products 
from  decomposing  organisms.  As  a  matter  of  fact,  it  occurs  most 
frequently  in  surface  water  which  has  been  incompletely  filtered. 
In  the  filtration  of  surface  water  great  numbers  of  organisms  are 
lodged  on  or  in  the  filtering  material ;  the  subsequent  death  and 
decomposition  of  these  would  contribute  materially  to  the  amount  of 
organic  substance  dissolved  in  the  water ;  hence  this  water  would  be 
especially  favorable  for  the  growth  of  Crenothrix. 

The  relations  which  the  different  kinds  of  organisms  sustain  to 
their  food  and  the  influence  which  food  exerts  upon  them  in  deter- 
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mining  their  absence  or  presence  have  now  been  sufficiently  dwelt 
upon.  It  remains  only  to  point  out  how  these  facts  can  be  of  service 
in  controlling  the  growth  of  organisms  in  water. 

In  the  case  of  ground  supplies,  either  driven  wells,  filter  galleries 
or  springs,  the  water  is  usually  obtainable  free  from  organic  growths. 
In  order  that  it  should  be  preserved  in  this  state  it  is  only  necessary 
that  no  opportunity  should  be  given  for  the  growth  of  organisms. 
If  the  water  is  not  exposed  to  the  light,  for  reasons  already  given, 
the  growth  of  algfe  would  be  prevented.  If  the  growth  of  algce  is 
pi-evented,  it  is  impossible  for  animals  to  thrive,  for  they  are 
dependent  upon  the  algse  for  their  food.  Thus  both  algse  and  ani- 
mals could  be  excluded.  The  growth  of  a  fungus,  as  for  instance 
Crenothrix,  is  not  so  easily  dealt  with ;  but  any  water  which  at  its 
source  does  not  contain  enough  dissolved  organic  matter  to  support 
a  growth  of  Crenothrix  or  allied  organisms,  and  which  receives  no 
further  additions  of  organic  material  in  its  passage  from  its  source 
to  the  consumer,  ought  to  be  delivered  as  free  from  fungous  growth 
as  when  it  was  first  taken  from  the  ground.  Thus,  in  the  case  of  a 
ground  water  free  from  organic  matter,  contamination  from  the 
growth  of  algse,  fungi  or  animals  can  be  prevented  by  the  exclusion 
of  light. 

The  position  to  be  taken  in  dealing  with  pure  ground  waters  is 
simply  a  defensive  one  —  avoid  the  light.  To  furnish  surface  waters 
free  from  organisms  the  oflensive  position  must  be  assumed ;  for  in 
this  case  the  source  of  the  water,  be  it  pond  or  river,  is  usually 
already  impure  from  organic  growth.  In  dealing  with  surface  waters 
two  objects  are  to  be  accomplished :  first,  the  water  must  be  freed 
from  the  organisms  which  it  contains ;  and,  second,  it  njust  be  pro- 
tected so  that  further  growth  is  impossible.  The  only  eflTective 
means  that  I  know  of  by  which  organisms  can  be  removed  in  quan- 
tities from  water  is  filtration.  The  possibility  of  filtering  a  sufficient 
quantity  of  water  to  meet  the  requirements  of  the  larger  towns  and 
cities  is  indeed  a  serious  question,  but  it  belongs  rather  to  the 
province  of  a  civil-  engineer  than  a  biologist.  Suffice  it  to  say  that 
a  layer  of  fine  sand  an  inch  in  thickness  is  of  itself  a  sufficiently 
good  filter  to  remove  all  of  the  algse  and  animals  from  a  water  as 
rich  in  organisms  as  the  Cochituate  water  of  Boston  (see  the 
following  experiment  on  the  growth  of  sponges).  It  will  be 
recalled  that  the  filtration  of  surface  water  by  means  of  sand  or 
gravel  filters  is  sometimes  attended  with  a  growth  of  Crenothrix. 
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As  I  have  previously  mentioned,  this  growth  take  place  especially 
when  the  filtration  is  rapid  and  more  or  less  incomplete.  If  the  fil- 
tration could  be  accomplished  more  slowly,  so  that  the  surface  water 
could  completely  undergo  those  changes  which  convert  it  into  a 
ground  water,  there  is  very  little  doubt  but  that  the  growth  of 
Crenothrix  in  the  filters,  or  subsequently  in  the  water  itself,  would 
be  insignificant. 

Once  having  freed  the  surface  water  from  its  organisms  and 
organic  impurities,  its  subsequent  treatment  is  essentially  the  same 
as  that  for  a  ground  water.  In  order  to  preserve  it  free  from  organic 
growth  it  is  only  necessary  to  protect  it  from  the  light.  The  general 
plan  for  dealing  with  surface  waters,  then,  consists  in  converting 
them  into  ground  waters  by  slow  filtration'  and  then  protecting  them 
from  the  further  growth  of  organisms  by  excluding  the  light. 

The  methods  of  improvement  herein  suggested  have  to  some 
extent  received  experimental  confirmation. 

The  desirability  of  preventing  the  exposure  of  ground  waters  to 
the  light  has  been  fully  demonstrated  in  the  case  of  the  high-service 
tank  at  Brookline  (see  nineteenth  annual  report  of  the  State  Board 
of  Health  of  Massachusetts,  p.  89).  It  may  here  be  remarked  that 
this  tank  has  remained  covered  since  the  first  experiment  was  made^ 
and  that  no  objectionable  growth  has  as  yet  appeared  in  it.  I 
have  not  subjected  to  an  actual  test  the  plan  suggested  for  the 
improvement  of  surface  waters  by  filtratioti ;  but  the  experiment 
made  on  sponges  bears  on  this  (^^uestion. 

VI.  —  The  Growth  of  Sponges  in  Water  Supplies. 

In  order  to  understand  the  more  characteristic  habits  of  sponges, 
a  slight  knowledge  of  their  structure  is  essential.  A  brief  account 
of  the  anatomy  of  a  sponge  forms,  therefore,  an  appropriate  intro- 
duction to  the  consideration  of  the  present  topic. 

Fresh- water  sponges  occur  as  thin  incrustations  on  objects  which 
are  permanently  submerged  in  water.  They  are  usually  from  a 
quarter  to  three-quarters  of  an  inch  in  thickness,  and  form  irregular 
patches  a  foot  or  less  in  diameter.  Under  favorable  circumstances, 
however,  sponges  can  spread  over  areas,  many  feet  in  extent,  so 
that  they  can  scarcely  be  said  to  have  a  characteristic  limit  in  size. 
Although  at  times  they  extend  over  large  areas  they  do  not  thicken 
proportionally,  but  retain,  rather,  the  general  form  of  i-elatively 
thin  incrustations.  Occasionally  they  produce  finger-like  projeo* 
tions,  and  th^e  can  attain  even  the  length  of  several  inches. 


Digit^ed  by  LjOOQIC 


1889.]  WATER  SUPPLY  AND   SEWERAGE.  615 

A  more  careful  examination  of  the  somewhat  uneven  outer  surface 
of  a  sponge  shows  it  to  be  marked  here  and  there  by  elevations 
which  resemble  in  form  small  volcanic  cones.  Each  cone  is  pro- 
vided with  a  central  crater  penetrating  the  substance  of  the  sponge. 
The  sides  of  the  cones,  as  well  as  the  areas  between  neighboring 
cones 9  are  perforated  by  an  immense  number  of  fine  pores.  An 
examination  of  a  living  sponge  shows  that  the  water  is  being  sucked 
in  continually  through  these  fine  pores  and  that  a  strong  current  is 
setting  out  from  the  crater-like  opening  or  osculum.  The  soft  sub- 
stance of  the  sponge's  body  is  penetrated  by  a  system  of  canals 
connecting  the  small  lateral  pores  with  the  oscula.  It  is  by  means 
of  delicate  moving  lashes  in  these  canals  that  the  water  is  whipped 
onward  to  the  oscula  and  new  water  is  drawn  in  at  the  pores.  One 
of  the  chief  purposes  of  this  system  of  tubes  is  to  enable  the  sponge 
to  get  its  food.  The  water  entering  the  fine  pores  usually  contains 
many  microscopic  organisms,  and,  while  passing  through  the  canals 
in  the  body  of  the  sponge,  many  of  these  organisms  are  caught  and 
assimilated  by  the  living  walls  of  the  tube. 

From  what  has  been  said  on  the  structure  of  sponges  two  pecu- 
liarities in  their  method  of  occurrence  can  be  explained.  Sponges 
do  ikot  thrive  well  in  quiet  water.  They  are  firmly  attached  to  the 
objects  on  which  they  rest,  and  they  can  create  currents  of  only 
limited  extent  in  the  surrounding  water.  If,  then,  this  water  be  at 
rest  or  very  sluggish  in  its  movements,  the  supply  of  food  which  it 
contains  would  soon  be  exhausted  and  the  sponge  would  be  in  danger 
of  starvation.  General  movements  in  the  water  are,  therefore,  nec- 
essary to  carry  food  to  the  sponge,  and  consequently  sponges  thrive 
best  in  running  water.  A  second  peculiarity  of  the  sponge  is  that 
it  very  seldom  occurs  on  submerged  surfaces  which  face  upward. 
This  peculiarity  is  due  to  the  fact  that,  even  in  apparently  clear 
water,  there  is  usually  more  or  less  sedimentation,  and  the  falling 
of  sediment  on  a  sponge  so  clogs  its  smaller  pores  as  to  render  them 
useless.  Sponges  in  positions  where  their  pores  can  be  filled  with 
sediment  are  thus  easily  killed,  and  it  is  usually  only  on  submerged 
surfaces  which  face  downward,  or  which  at  least  have  no  upward 
exposui'e,  that  these  organisms  thrive. 

The  color  of  sponges  varies  from  light  ochre  to  dark  brown,  gray 
or  greenish.  Greenish  sponges  contain  chlorophyl,  the  green  color- 
ing matter  found  in  green  plants ;  and,  like  these  plants,  green 
sponges  grow  only  in  situations  accessible  to  the  light. 
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The  living  substance  of  the  sponge  is  soft  and  unresisting,  but  it 
is  penetrated  in  all  directions  by  an  immense  number  of  microscopic 
flinty  needles  or  spicules.  These,  like  the  bones  of  the  higher  ani- 
mals, play  the  part  of  a  supporting  skeleton.  At  the  death  of  a 
sponge  the  softer  parts  decay  and  the  spicules  are  liberated.  The 
spicules  are  almost  indestructible,  and  consequently  can  be  carried 
long  distances  in  currents  of  water.  They  afford  indisputable  evi- 
dence of  a  growth  of  sponge.  Different  kinds  of  sponges  are  dis- 
tinguished by  different  kinds  of  spicules.  The  characteristic  spicules 
are  not,  however,  the  common  spicules  of  the  sponge's  body,  but 
spicules  which  surround  the  winter  buds  or  gemmules. 

At  different  seasons  of  the  year  the  sponge  presents  very  different 
appearances.  Vigorous  growths  of  young  sponge  are  noticed  first 
in  early  summer.  They  continue  to  increase  in  size  till  early  fall, 
when  they  reach  their  maximum  growth.  During  this  summer 
period  of  excessive  activity  more  or  less  decay  is  going  on,  and  with 
decay  comes  the  liberation  of  spicules.  In  the  fall  the  sponge 
becomes  less  vigorous  in  appearance,  and  small  parts  of  its  flesh 
separate  from  the  rest  and  are  surrounded  by  a  layer  of  peculiarly 
shaped  spicules.  The  little  bodies  thus  formed  are  called  gemmules 
and  are  about  the  size  of  small  grains  of  sand.  After  their  formation 
the  rest  of  the  sponge  dies  and  wastes  away,  the  gemmules  being 
left  imbedded  in  the  mass  of  spicules  representing  the  dead  body  of 
the  sponge.  In  this  way  the  gemmule  rests  over  winter,  and  in  the 
following  spring  its  living  contents  emerge  from  the  protecting  cov- 
ering, and,  together  with  living  material  from  many  other  similar 
gemmules,  begin  a  new  sponge  structure  on  the  site  of  last  year's 
growth.  Thus  it  is  seen  that  the  sponge  is  active  in  the  summer  and 
fall  and  quiescent  in  winter  and  early  spring. 

The  species  of  American  fresh-water  sponges  are  numerous,  and 
for  an  account  of  these  the  reader  is  referred  to  a  paper  entitled 
•*  Fresh- Water  Sponges;  a  Monograph,"  by  Edward  Potts  (Pro- 
ceedings Acad.  Nat.  Sciences,  Philadelphia^  1887,  pp.  158-279, 
plates  v-xii.). 

The  time  of  year  when  sponge  spicules  are  most  generally  met 
with  has  already  been  pointed  out  in  the  tables  of  seasonal  dis- 
tribution. It  will  be  remembered  that  sponge  spicules  were  most 
generally  present  in  August,  and  that  they  were  least  frequently 
noticed  in  January.  The  following  tible,  which  is  made  from  those 
showing  the  distribution  of  organisms  in  the  water  of  Boston  and 
Charlestown,  presents  essentially  the  same  features  : — 
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July. 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Boston, 
Charleatown, 

*         • 

First  year,  . 
Second  year, 

First  year,  . 
Second  year. 

abd. 
few 

sev. 
few 

pr. 

sev. 
few 

few 
few 

few 
few 

few 
few 

pr. 
few 

few 
sev. 

few 
few 

few 
few 

- 

- 

few 
few 

Sponge  spicules  were  generally  present  in  the  vater  of  these 
supplies  from  July  to  December.  For  the  remainder  of  the  year 
they  were  only  sparingly  found  at  rather  irregular  intervals.  It 
will  thus  be  observed  that  the  period  when  spicules  were  frequently 
met  with,  namely,  from  July  to  December,  corresponds  very  closely 
with  what  has  been  described  as  a  period  of  active  growth,  namely, 
during  the  summer  and  fall. 

After  having  ascertained  the  presence  of  spicules  in  the  water  of 
Boston  and  Charlestown,  it  was  a  question  of  some  interest  to  locate 
the  growth  of  sponge.  In  order  to  do  this  the  water  which  was 
about  leaving  the  reservoir  to  enter  the  mains  was  carefully  exam* 
ined.  In  the  examination  of  the  water  from  both  Chestnut  Hill  and 
College  Hill  reservoirs  no  traces  of  spicules  were  discovered.  Since 
at  this  time  (July,  1887)  spicules  were  abundant  in  the  water  delivered 
in  both  Boston  and  Charlestown,  it  was  concluded  that  in  both 
systems  the  growth  of  sponge  was  somewhere  in  the  pipes  between 
the  reservoirs  and  the  points  of  delivery. 

After  this  conclusion  as  to  the  location  of  the  sponge  was  reached 
no  further  steps  were  taken  until  it  was  ascertained  that,  on  account 
of  a  change  in  level  of  a  street,  certain  of  the  Boston  mains  were  to  be 
opened.  One  of  the  large  mains  was  disconnected  about  one  mile 
from  Chestnut  Hill  Reservoir.  It  was  examined  Nov.  22,  1887, 
and  was  found  to  contain  two  organisms  :  a  sponge,  Tubella  Penn- 
sylvanica  (Potts) ,  and  a  snail  of  the  genus  Physa.  The  sponge,  after 
the  escape  of  the  water  from  the  pipe,  had  of  course  dried  and  was 
consequently  dead ;  some  of  the  snails  were  alive,  others  dead. 
The  sponge  was  limited  to  the  upper  two-thirds  of  the  pipe  and 
covered  about  three-fourths  of  that  surface,  or  about  one-half  of 
the  total  inner  surface  of  the  pipe.  The  absence  of  the  sponge 
from  the  bottom  of  the  pipe  was  probably  due  to  the  effect  of 
sedimentation,  which  has  already  been  explained.  Most  of  the 
sponges  were  thin  incrustations,  but  occasionally  finger-like  pro- 
jections extended  out  from  the  surface  of  the  pipe.  These  always 
pointed  in  the  direction  of  tte  cun^ent  in  the  pipe.     For  the  most 
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part  gemmules  had  been  formed ;  and  the  sponges  in  the  pipe  were 
in  the  same  stage  of  development  as  those  in  open  water.  The 
particular  form  in  which  the  sponges  grew  was  interesting.  Many 
of  them  were  in  circles,  the  central  area  of  which  was  covered  with 
a  few  rust-covered  spicules.  They  had  evidently  started  to  grow 
from  a  centre,  which  in  time  had  died  and  decomposed,  leaving 
only  the  periphery  alive.  The  snails  found  in  the  pipes  were  small 
in  size  and  apparently  dwarfed.  There  was  on  an  average  one 
snail  for  every  three  feet  in  length  of  the  pipe. 

The  presence  of  sponge  in  the  principal  mains  of  the  Boston 
system  is  beyond  dispute,  but  whether  the  growth  extends  to  the 
smaller  pipes  or  not  is  an  open  question.  The  examination  of  the 
scrapings  from  the  interior  of  a  pipe  at  the  corner  of  Fourth  and  L 
streets.  South  Boston,  showed  no  sponge  spicules.  Th^  pipe  was 
twelve  inches  in  diameter  and  had  been  in  use  since  1860.  This 
would  rather  indicate  that  the  growth  of  sponge  is  limited  to  the 
larger  pipes. 

There  can  be  no  doubt  that  a  growth  of  sponge  in  the  pipes  of  a 
water  supply  is  an  objectionable  feature.  The  slow  but  continual 
disintegration  of  the  sponge  probably  plays  a  considerable  part  in 
the  production  of  disagreeable  odors  and  tastes. 

In  attempting  to  find  some  effectual  means  by  which  the  growth 
of  the  sponge  can  be  checked,  or  possibly  completely  prevented,  it 
is  important  to  bear  in  mind  that  sponges,  as  well  as  all  other 
animals  in  the  pipes,  are  dependent  for  their  food  upon  organic 
material  carried  to  them  by  the  water.  The  food  thus  supplied 
consists  of  a  few  microscopic  animals  and  a  great  number  of  equally 
small  plants.  If  this  supply  of  food  could  be  cut  off  by  filtmtion, 
then  it  would  be  but  natural  to  expect  the  death  of  all  organisms 
dependent  upon  it.  In  order  to  test  the  soundness  of  this  conclusion 
the  following  experiment  was  made. 

Two  pieces  of  glass  tubing,  about  one  and  a  half  inches  in  diam- 
eter and  two  feet  long,  were  so  arranged  that  a  continuous  current 
of  water  could  be  passing  through  them.  Next  to  the  upper  surface 
of  the  inside  of  each  tube  a  piece  of  wood  with  some  sponge  grow- 
ing on  it  was  suspended.  The  species  of  sponge  used  was  Meyenia 
fluviatilis  ( Aiict) .  Care  was  taken  that  the  sponge  should  be  in  its 
normal  position;  i.e.,  oscula  directed  downward.  The  sponge  was 
introduced  into  the  tubes  Saturday,  June  23,  at  eleven  a.m.,  and  the 
y^aier  set  running  in  each  tube  at  the  rate  of  840  cubic  centimeters  per 
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minute.  On  Monday,  June  25,  both  pieces  of  sponge  were  in  healthy 
condition ;  their  oscula  were  fully  expanded  and  the  action  of  their 
pores  well  established.  The  water  used  in  the  experiment  was  the 
Cochituate  w^ter  of  Boston,  which  at  this  time  of  year  contained  an 
abundant  supply  of  algoe.  At  two  p.m.  on  Monday  a  change  was 
made  in  the  character  of  water  supplied  to  one  of  the  tubes.  The 
water  supplied  to  the  tube  which  can  be  designated  as  tube  A,  was 
passed  through  a  sand  filter  before  it  entered  the  tube.  This 
operation  removed  all  the  algoe,  but  in  other  respects  left  the  water 
essentially  as  before  the  change.  Tube  B  was  still  supplied  with 
unfiltered  water.  On  account  of  the  slowness  of  filtration  the  rate 
of  flow  in  Tube  A  was  reduced  to  120  cubic  centimeters  per  minute. 
In  order  that  the  sponge  in  Tube  B  should  not  have  an  advantage 
over  that  in  Tube  A,  the  flow  of  unfiltered  water  in  B  was  reduced 
to  100  cubic  centimeters  per  minute.  From  time  to  time  the  water 
from  Tube  A  was  examined  to  ascertain  whether  the  filter  was 
removing  all  the  algae  or  not.  No  algse  were  noticed  in  it.  In  this 
way  the  experiment  was  continued  till  Thursday,  June  28,  when 
the  oscula  of  the  sponge  supplied  with  filtered  water  had  disappeared 
and  the  sponge  itself  was  very  considerably  whitened.  The  other 
.  sponge  (B),  although  apparently  not  so  healthy  as  at  first,  still 
extended  its  oscula  and  showed  indications  of  life.  On  Thursday  at 
nine  a.m.  each  tube  was  supplied  with  unfiltered  y^rater  at  the  rate 
of  900  cubic  centimeters  per  minute.  On  Saturday,  June  30,  the 
sponge  in  Tube  A  had  for  the  most  part  decomposed  and  disap- 
peared, while  that  in  Tube  B  had  become  as  flourishing  as  it  was 
originally. 

The  result  of  this  experiment  supports  the  statement  already 
made,  that,  since  the  sponge  depends  upon  the  microscopic  alga*, 
etc.,  for  its  food,  it  will  not  grow  in  any  water  free  from  them,  and 
wherever  it  exists  their  removal  will  bring  about  its  death. 

Not  only  is  this  true  of  sponges  but  there  is  reason  to  believe  that 
it  is  true  of  all  animals  which  inhabit  the  pipes,  for  they  all  are 
dependent  for  their  food  upon  organisms  carried  into  the  pipes  with 
the  water.  Thus  efficient  filtration,  if  applied  to  the  water  as  it 
passes  from  the  reservoir  into  the  distributing  pipes,  would  not  only 
remove  organisms  from  the  water  itself,  but,  provided  the  water  were 
not  again  exposed  to  the  light,  it  would  prevent  a  growth  of  animals 
in  the  pipe. 

Further  investigations  in  the  direction  indicated  by  the  experiment 
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on  the  sponge  are  desirable  both  by  way  of  confirming  the  present 
experiment  and  also  by  determining  quantitatively  the  amount  of 
algsB  which  must  be  removed  before  the  death  of  the  sponge  follows. 
It  is  possible  that  a  removal  of  a  part  of  the  algoB  might  result  in  as 
complete  a  mastery  over  the  sponge  as  the  removal  of  all. 

Respectfully  submitted, 

G.  H.  PARKER. 

Cambridob,  Mass.,  December^  1889. 
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EXAMINATIONS  OF  WATER  SUPPLIES  AND  INLAND  WATERS. 


The  duties  of  the  engineer  in  connection  with  this  work  have 
been  to  determine  under  the  general  direction  of  the  Board  where 
samples  of  water  should  be  collected,  to  arrange  for  their  regular 
and  systematic  collection,  and  to  obtain  information  regarding  the 
physical  characteristics  of  the  water  supplies  and  rivers  examined, — 
such  as  the  density  of  population  on  drainage  areas,  amount  of 
polluting  matter  entering  the  streams,  volume  of  water  flowing,  and 
temperature  of  water.  Much  of  the  information  obtained  is  given 
in  preceding  portions  of  this  report. 

The  results  of  chemical  and  biological  examinations  reported  to 
the  board  have  been  tabulated  by  towns  and  sources,  and  studied 
to  determine  their  relations  to  -existing  physical  conditions  and  to 
troubles  with  the  quality  of  the  waters  prevailing  from  time  to 
time;  also  to  determine  in  what  directions  further  investigations 
were  desirable,  and  where  those  already  begun  should  be  extended, 
diminished  or  discontinued. 

In  this  work,  and  in  the  preparation  of  much  material  for  this 
report,  I  have  had  as  principal  assistant  Mr.  X.  H.  Goodnough, 
and  as  other  assistants  Messrs.  A.  T.  SaflFord  and  A.  N.  Wahlberg. 
At  the  beginning  of  the  work,  when  a  larger  force  was  required, 
Prof.  George  F.  Swain  of  the  Massachusetts  Institute  of  Technology 
and  Mr.  Henry  D.  Woods  were  temporarily  engaged.  Gauges  for 
recording  the  flow  of  the  streams  were  established  by  Mr.  Richard 
A.  Hale,  and  the  volumes  flowing  were  estimated  by  him. 

As  a  first  step  toward  the  collection  of  statistics,  the  following 
circular  and  blank  were  prepared  :  — 

Offiob  of  State  Board  of  Health, 

13  Beacon  Stbebt,  Boston,  May  23,  1887. 
To 

The  State  Board  of  Health  intends  to  make  monthly  analyses  for  the 
ensuing  year  of  waters  used  for  domestic  supplies  within  the  State,  and 
in  connection  therewith  desires  to  obtain  geneipl  inf  oimation  respecting  the 


Digitized  by  LjOOQIC 


624  WATER   SUPPLY  AND   SEWERAGE.  [Dec. 

several  water  supplies.  It  therefore  requests  that  jqu  will  send  such 
printed  information  as  you  can;  particularly  reports  describing  the  con- 
struction of  your  works,  the  occurrence  of  any  unusual  tastes,  or  growths 
of  vegetation  in  or  upon  the  water,  or  of  any  general  disease  affecting  the 
fish  in  the  streams,  ponds  and  reservoirs. 

An  answer  is  requested  to  such  of  the  questions  in  the  accompanying 
blank  as  are  applicable  to  your  works. 

The  library  of  the  Board  now  contains  the  reports  mentioned  below. 

Respectfully  yours, 

F.  P.  Steahks, 

Engineer,  State  Board  of  Health, 


Commonwealth  of  Massachusetts. 

State  Board  of  Health. 

Please  fill  out  such  portions  of  this  blank  as  are  applicable  to  your 
works,  and  forward  to  F.  P.  Steams,  Engineer,  State  Board  of  Health, 
13  Beacon  Street,  Boston. 

Some  of  the  blanks  have  been  filled  from  information  now  in  the  posses- 
sion of  the  Board  ;  please  correct  if  wrong. 

Date,. 188 

1.  Kame  of  city  or  town. 

2.  Population,  1886. 

8.    Date  when  works  were  built.     (If  not  all  built  at  one  time,  state  what 
additions  were  made,  and  when.) 
4.    By  whom  arc  works  owned  P 
6.    Source  or  sources  of  water  supply. 

6.  Area  of  watershed  supplying  such  source  or  sources. 

7.  (icneral  geological  and  topographical  character  of  the  watershed. 

8.  Mode  of  supply,  whether  by  gravity  or  pumping,  and  whether  distribnting 
reservoir  or  tank  is  used. 

9.  General  description  of  storage  and  distributing  reservoirs,  —  natural  or 
artificial,  how  constructed,  area  of  water  surface,  capacity,  character  of  bottom, 
amount  of  shallow  fiowage,  etc. 

10.  Does  all  water  pumped  go  through  the  distributing  reservoir  or  tank  P 

11.  What  portion  of  the  water  pumped  goes  into  the  distributing  reservoir? 

12.  Whether  or  not  the  water  is  delivered  into  the  distributing  reservoir  at 
one  side  and  drawn  out  at  the  other. 

13.  Number,  kind,  size  and  depth  of  wells  used  as  sources  of  water  supply. 

14.  Describe  filter  galleries  or  basins,  and  connections,  if  any,  with  stream, 
pond  or  reservoir. 

15.  Daily  average  capacity  of  works  in  dry  year. 

16.  Daily  average  consumption. 

17.  Number  of  persons  using  the  water. 

18.  Is  water  supplied  to  any  one  outside  of  your  town  or  city  P 
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19.  Material  of  distributing  mains. 

20.  Material  of  service  pipes. 

21.  Does  the  water  supply  receive  sewage,  drainage  from  factories  (mention- 
ing kind),  or  other  pollutions ? 

22.  If  there  have  been  any, bad  tastes  in  the  water,  or  excess  of  vegetable 
growth,  or  if  the  fish  have  been  generally  affected,  and  such  occurrences  are  not 
fully  described  in  printed  reports,  please  describe  the  same,  and  the  remedy 
adopted,  if  any. 

23.  Have  analyses  of  water  from  the  present  source  been  made  ?  By  whom  ? 
When  P    If  not  given  in  printed  reports,  please  furnish  copy  of  same. 

24.  Have  records  of  the  temperature  of  the  water  been  taken  in  the  past  ?  If 
not  printed,  will  you  furnish  copies,  if  blanks  are  sent  ? 

26.  Will  you  keep  records  of  the  temperature  of  water  in  the  future,  if  a  ther- 
mometer and  blanks  are  furnished  ? 

26.  Will  you  furnish  samples  of  water  for  analysis  each  month,  and  forward 
at  stated  times  by  express,  if  bottles  are  supplied  ? 

27.  To  whom  shall  future  correspondence  be  addressed. 

28.  Name  and  address  of  collector  of  samples. 

29.  Name  of  express  company. 

SO.    Name  of  person  furnishing  this  information. 

In  addition  to  the  information  obtained  from  these  returns,  all 
public  water  supplies  have  been  visited  one  or  more  times  by  the 
engineers  of  the  Board,  and  complete  sets  of  reports  have  been  ob- 
tained and  examined.  In  all  of  these  investigations  we  have  been 
greatly  aided  by  the  water  works  superintendents  and  others,  who 
have  kindly  co-operated  by  collecting  and  forwarding  samples  of 
wat«r,  by  taking  such  observations  as  were  desired,  and  by  promptly 
responding  to  requests  for  information. 

In  arranging  where  samples  should  be  collected,  care  has  been 
taken  not  only  to  get  samples  from  which  the  present  quality  of  the 
waters  might  be  determined  and  a  standard  obtained  for  future  com- 
parisons, but  also  to  determine  general  laws  aflTecting  the  quality  of 
water  obtained  or  stored  under  diflFerent  conditions.  For  instance, 
samples  have  been  taken  so  that  the  ground  water  of  filter  galleries 
and  wells  can  be  compared  with  the  surface  water  of  adjacent  ponds 
and  streams ;  other  samples  show  the  effect  of  storing  ground  or 
surface  waters  in  open  reservoirs  or  in  open  or  covered  tanks ; 
others,  a  comparison  between  water  entering  a  storage  reservoir 
and  after  standing  in  it ;  and  others,  the  quality  of  water  taken  from 
a  pond  or  reservoir  at  different  depths.  The  results  of  these  investi- 
gations will  appear  in  a  subsequent  portion  of  this  report. 
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WATER  SUPPLY  STATISTICS. 


The  following  summary  of  water  supply  statistics  represents  the 
conditions  existing  at  the  end  of  the  year  1889.  The  State  then 
contained  25  cities  and  326  towns.  Out  of  this  number,  all  of  the 
cities  and  107  towns,  a  total  of  132  places,  were  wholly  or  in  part 
provided  with  public  water  supplies.  This  statement  does  not 
include  a  number  of  towns,  mostly  in  the  western  part  of  the  State, 
where  several  families  are  supplied  through  a  small  pipe,  by  some 
individual  or  corporation,  with  water  from  a  spnng  or  stream  on 
the  neighboring  hills;  nor  others,  where  a  manufacturing  village 
is  supplied  with  water  pumped  at  a  mill. 

The  following  table  gives  a  classification  by  population  of  cities 
and  towns,  having  and  not  having  public  water  supplies,  Dec.  31, 
1889.     The  populations  are  taken  from  the  census  of  1885  :  — 


POPULATIO!*. 


Namber 
o^  Placet  of 
Given  Popula- 
tion having 
a  Public 
Water  Snpplj. 


Total 
Fopnlation  of 
Places  in  Pre- 
ceding Column. 


Number 

of  Places  of 

Given  Popnla- 


ToUl 
Population  of 


tlon  not  hav-  i  Places  in  Pre- 
Ing  a  Public  '  ceding  Oolnmu. 
Water  Sopplj.' 


Under  500,  . 
fiOO-1,000,  . 
1,000-1,500,  , 
1,500-2,000,  . 
2,000-2,500,  , 
2,500-3,000,  . 
8,000-8,500,  . 
8,500-4,000,  . 


4,000-4,500,  . 
4,500-6,000,  . 
6,000-5,500,  . 
6,500-6,000,  . 
Above  6,000, 

Totals,  . 


1 
8 
6 
0 

10 
7 
8 

15 

11 
6 
2 
4 

56 


451 

2,437 

6,450 

15,215 

22,057 

19,806 

0,168 

57,200 

47,398 

28,472 

10,460 

23,036 

1,370,302 


22 
60 
40 
82 
21 
16 


132 


1,612,542 


219 


7,580 
52,761 
48,309 
55,619 
47,233 
44,064 
22^1 
18,812 
16,988 
4,555 
5,436 
5,711  . 


820,599 


*  Millbary.        f  Blackalone.       X  Andover.    A  ayatem  of  water  worka  baa  since  been  completed  (1880). 
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From  the  totals  given  in  this  table  it  will  be  seen  that,  although 
but  37.6  per  cent,  of  the  cities  and  towns  in  the  State  have  a  public 
supply,  yet  the  total  population  of  the  places  supplied  represents  83 
per  cent,  of  the  whole  population  of  the  State.  In  this  estimate  of 
the  population  of  the  municipalities  supplied,  all  of  the  inhabitants 
in  them  are  included,  and  it  consequently  includes  more  than  the 
actual  number  of  persons  to  whom  a  public  water  supply  is  available ; 
the  difference,  however,  is  not  large.  There  are  now  but  two  towns 
which  had  in  1885  a  population  exceeding  4,500  which  are  not  pro- 
vided with  a  public  water  supply;  the  works  in  one 'town  having 
been  completed  since  the  date  of  the  table.  Where  the  population 
exceeds  3,500  the  majority  are  supplied,  while  below  this  the  reverse 
is  true.  In  some  important  towns  the  supply  is  limited  to  but  one 
of  several  villages. 

In  the  State  there  are  128  sources  of  public  water  supply,  count- 
ing as  a  source  each  separate  system  of  water  works,  and  each  of  the 
sources  used  in  connection  with  any  particular  system  when  essen- 
tially different  in  character.  This  does  not  agree  exactly  with  the 
number  of  municipalities  supplied ;  since  in  many  cases  a  city,  town 
or  company  supplies  several  places,  while  in  others  a  city  or  town 
has  several  sources  of  supply.^  These  sources  may  be  divided  as 
follows :  — 

Ground  Water  Sources. 

Springs, 13 

Large  wells, 20 

Tubular  wells, 7 

Filter-galleries,    ...........      10 

Filter-basins, 4 

Total, 64 

Surface  Water  Sources, 

Artificial  storage  reservoirs, 38 

Natural  ponds, 32 

Streams, 4 

Total 74 

The  line  of  separation  between  the  different  classes  is  somewhat 
indefinite.  A  filter-gallery  or  well  on  the  banks  of  a  stream  may 
each  furnish  water  of  identically  the  same  character,  while  another 
well  may  furnish  the  water  of  a  natural  spring  which  it  has  replaced. 
Natural  ponds,  by  having  their  level  raised,  may  flow  extensive 
meadows,  and  so  become  less  satisfactory  reservoirs  than  those  that 
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are  wholly  artificial.  Tubular  wells  are  frequently  sunk  in  the  bot- 
toms of  large  wells  or  filter-basins,  with  the  view  of  increasing  the 
supply  of  water ;  and  in  other  ways  the  classification  is  somewhat 
complicated ;  yet  it  furnishes  a  fair  idea  of  the  sources  from  which 
the  water  supply  of  the  State  is  obtained.  In  the  next  table  the 
various  wat^r  supplies  are  classified  according  to  the  dates  when  a 
fairly  complete  system  of  water  supply  was  first  introduced  into  a 
city  or  town. 


TXAKS. 


Number  of 

plAces 
sapplied. 


Previous  to  1850,  . 
1850-1859  inclasive, . 
ISOO-lSeo  inclusive,. 
1870-1870  inclusive, . 
1880-1880  inclosive, . 


6 
4 

10 
44 


Total I         1S2 

This  table  shows  the  activity  in  water  works  construction  since 
1870.  Before  that  time  the  total  number  of  municipalities  supplied 
was  twenty,  or  less  than  one-sixth  of  the  total  number.  More  than 
one-half  of  the  whole  number  have  obtained  a  supply  since  1880. 
No  account  is  taken  of  important  additional  supplies  which  have 
been  provided  in  many  cases. 

Of  the  25  cities  in  the  Commonwealth,  21,  having  a  total  popula- 
tion in  1885  of  1,042,032,  own  their  water  works;  while  4,  having 
a  total  population  of  69,359,  are  wholly  supplied  by  private  com- 
panies. Of  the  107  towns  having  a  public  water  supply,  58,  with  a 
total  population  of  301,319,  are  supplied  from  their  own  works ;  and 
49,  with,  a  total  population  of  199,832,  by  private  companies.  In 
this  classification  no  account  is  taken  of  secondary  supplies  of  small 
importance  which  exist  in  many  places.  The  total  population  in 
both  cities  and  towns  owning  their  works  is  1,343,351,  against 
269,191  in  those  supplied  by  private  companies. 

Eainfall. 
The  amount  of  rainfall,  by  reason  of  its  eflfect  upon  the  flow  of 
streams  and  the  height  of  water  held  in  reservoirs,  has  an  important 
effect  upon  the  chemical  and   biological  character  of  the  waters. 
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The  effect  is  obviously  greatest  upon  waters  which  are  polluted  by- 
sewage,  although  normal  waters  are  often  much  affected  by  a  greater 
or  less  amount  of  rainfall. 

During  the  two  j'^ears  covered  by  the  analyses  printed  in  this 
report,  the  rainfall  has  been  unusually  large,  and  it  has  been  favor- 
ably distributed  for  maintaining  a  high  flow  in  the  streams  during 
the  portion  of  the  year  when  the  flow  is  usually  small. 

The  average  annual  rainfall*  in  Massachusetts,  deduced  from  long- 
continued  observations  in  various  parts  of  the  State,  is  43.17  inches. 
From  June,  1887,  to  May,  1888,  inclusive,  the  total  rainfall  was 
47.14  inches,  and  during  the  next  year  it  was  53.74  inches  ;  there- 
fore, the  excess  on  each  of  these  two  years  was  respectively  3.96 
and  10.57  inches.  Similar  comparisons  by  months  are  given  in  the 
following  table.  The  departure  from  the  normal  is  given  in  bold- 
faced type :  — f 


^1 


.1 


5  o 


u    § 
o  -c 

IS 


Jane,  . 
July,   .        . 
AagaBt, 
September, 
October,      . 
Noyember, , 
December, . 
Janaary,     . 
Febraary,  . 
March, 
April, . 
May,    .        . 
ToUl,  . 


8.81 
8.81 
4.12 
2.90 
3.67 
3.87 
3.49 
8.74 
3.63 
8.87 
8.34 
8.83 


43.17 


8.42 
6.10 
6.07 
1.56 
2.68 
2.08 
4.10 
4.08 
8.70 
6.82 
2.76 
4.86 


47.13 


-H.U 

+1.29 

+1.96 

-1.43 

-0.99 

-0.89 

+0.81 

+0.34 

+0.07 

+1.95 

-0.58 

+1.6S_ 

+3.98 


2.71 
2.67 
6.35 
8.78 
5.08 
6.85 
5.01 
6.31 
2. 05 
2.38 
8.68 
8.02 


53.74 


-0.80 
-1.14 
+1.23 
+5.79 
+1.41 
+2.98 
+1.52 
+1.57 
-1.58 
-1.« 
+0.29 
+0.59 


h10.57 


To  enable  the  condition  preceding  the  collection  of  samples  of 
water  in  any  part  of  the  State  to  be  understood,  the  following  tables 
are  presented,  which  give  the  daily  rainfall  in  inches  at  ten  stations 
scattered  about  the  State  :  — 


*  Including  melted  snow. 

t  This  and  sabseqnent  tables  of  rainfall  have  been  prepared  from  the  records  of  the  New 
England  Meteorological  Society. 


Digitized  by 


Google 


630 


WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Daily  Rainfall  at  Ten  Places  in  Massachu^seUs^  Geographically  Selected. 

May,  1887. 


DAT  OF  Month. 

2 

■J 

1 

> 

1 

i 

5  • 

s 

1 

1 

'  i 

1. 
2, 
8, 
4, 
6. 

- 

- 

- 

- 

- 

- 

- 

- 

" 

- 

- 

- 

- 

- 

- 

- 

- 

- 

«» 

0.20 

0.10 

0.08 

0.11 

- 

- 

- 

- 

- 

7, 

- 

0.16 

0.05 

« 

« 

« 

0.08 

• 

~ 

8. 

• 

_ 

" 

0.04 

0.20 

0.05 

„ 

1.00 

o.« 

10, 
11. 

~ 

: 

~ 

~ 

: 

— 

: 

~ 

i 

12, 

- 

- 

- 

- 

- 

- 

- 

- 

13, 

- 

- 

- 

- 

- 

- 

- 

- 

14, 

- 

- 

- 

_ 

~ 

- 

- 

- 

. 

15. 

- 

- 

1 

- 

- 

- 

- 

- 

_ 

le, 

» 

_ 

_ 

_ 

. 

_ 

. 

« 

« 

17. 

- 

- 

jS 

- 

- 

- 

- 

- 

- 

- 

18. 

- 

- 

- 

- 

- 

- 

- 

- 

19. 

- 

- 

- 

- 

- 

- 

- 

20. 

1 

1        - 

- 

- 

- 

- 

- 

- 

- 

- 

21. 

i»       " 

- 

- 

- 

- 

-. 

- 

- 

22. 

0.05 

- 

- 

- 

- 

23. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24, 

- 

0.20 

- 

* 

- 

- 

- 

* 

- 

25,         . 

0.37 

0.10 

0.82 

» 

0.09 

O.U 

0.16 

0.37 

0.63 

26. 

O.U 

- 

0.25 

0.21 

0.12 

'0.06 

- 

- 

0.03 

27. 

0.01 

- 

0.03 

* 

* 

0.05 

- 

O.Ol 

. 

28.         . 

0.74 

0.15 

« 

• 

* 

- 

1.85 

0.99 

1.16 

29.         . 

O.Ofi 

0.10 

2.09 

0.70 

1.2S 

- 

0.05 

0.02 

30.         . 

- 

- 

- 

- 

- 

1.45 

- 

- 

31,         . 

- 

- 

- 

- 

- 

- 

- 

Totels,  . 

1.52 

0.85 

- 

2.77 

1.06 

1.69 

1.72 

1.64 

2.39 

2.24 

*  Precipitation  incladed  in  that  of  following  day. 
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Daily  RainfaU  at  Ten  Places  in  Massachusetts,  Oeographically  Selected. 

June,  1887. 


DAT  OF  MOXTH. 

1 

i 

1 

s 

1 

S 

Lawrence. 

1 

1 
^ 

1 
I 

1, 
% 

8.         . 

^ 

8,         . 

10. 

11. 

12, 

18. 

14. 

15. 

16. 

IT. 

18, 

19.          . 

20. 

21, 

a, 

23. 
24. 
25, 
26, 
2T, 
28, 
29, 
30, 

1.00 
0.33 
0.38 

I 

0.04 
0.03 
0.01 

0.06 
0.25 
1.03 
2.65 

0.03 

0.85 
0.40 
0.05 

0.15 
0.05 

0.45 
2.10 
1.30 
0.03 

0.45 
0.41 
0.07 

0.88 

0.02 

0.52 
1.68 
0.52 

t 

1.17 
0.02 

0.01 

0.22 

♦ 

1.92 

0.05 
1.20 

• 

0.02 

0.05 
0.36 

• 
0.74 

0.07 

• 
0.27 
0.84 

• 
0.07 
0.10 
0.04 

• 
0.06 

♦ 
0.20 
0.86 

1.11 
0.08 

0.18 
0.81 

• 
2.08 
0.13 
0.04 

0.07 

• 

• 

0.06 

0.21 

• 
1.22 

1.75 

0.10 
0.03 

0.04 
0.18 
0.02 

0.18 

Total 

■. 

6.81 

5.88 

4.05 

8.84 

2.42 

2.08 

2.28 

2.18 

8.81 

8.15 

*  Precipitation  included  In  that  of  following  day. 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Daily  Bainfall  at  Ten  Places  in  Massachusetts,  OeographicaUy  Selected, 

July,  1887. 


DAT  OP  Month. 

i 

1 

1 

> 

1 

O 

1 

a 

i 
I 

J! 

a 
1 

1 

s 

1, 

2,         . 

3, 

0.14 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

' 

- 

0.06 

- 

- 

- 

4, 
6, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.78 

0.50 

0.87 

0.22 

0.03 

. 

0.04 

„ 

» 

» 

7»         • 

8, 

0.03 

0.20 

0.02 

- 

- 

- 

- 

- 

0.05 

0.11 

- 

- 

- 

0.80 

♦ 

- 

- 

« 

0.58 

_ 

10.        .     • 

0.12 

0.15 

0.07 

0.13 

0.74 

* 

0.41 

0.59 

0.54 

1.64 

11. 

0.01 

- 

0.02 

.    - 

♦ 

♦ 

0.22 

- 

0.80 

- 

12, 
13, 

- 

: 

- 

0.80 

1.10 

0.53 

0.23 

- 

: 

15. 

- 

0.05 

- 

- 

- 

- 

- 

- 

- 

IG, 

0.19 

0.05 

0.07 

- 

- 

- 

- 

- 

- 

0.04 

17,         ..       . 

1.21 

0.40 

1.30 

0.31 

♦ 

* 

- 

0.01 

1.43 

0.63 

18,         .. 

0.07 

1.20 

0.63 

O.Ol 

0.44 

0.14 

0.11 

0.04 

- 

- 

19, 
20, 
21, 

•       - 

- 

0.05 

0.01 

- 

- 

- 

- 

- 

- 

0.32 

0.20 

0.03 

0.13 

» 

. 

* 

_ 

_ 

« 

22. 

0.78 

0.45 

0.48 

0.52 

* 

1.16 

0.43 

I.IJ 

0.61 

1.00 

23,         .! 

1.02 

0.95 

1.33 

* 

♦ 

0.91 

• 

0.S6 

1.32 

o.os 

24, 

5.39 

1.17 

1.32 

4.51 

2.05 

0.18 

1.58 

0.02 

0.05 

- 

26, 

- 

0.05 

O.Oo 

- 

- 

- 

0.18 

- 

- 

- 

28, 

0.04 

- 

0.03 

0.07 

- 

- 

- 

- 

- 

- 

27,         . 

- 

0.20 

- 

0.01 

- 

•  _ 

- 

- 

- 

28. 

- 

- 

- 

- 

- 

- 

- 

0.78 

- 

29,         .; 

0.19 

0.10 

0.22 

0.43 

0.25 

0.20 

0.07 

- 

- 

80, 

- 

- 

0.02 

- 

- 

- 

- 

■ 

- 

- 

81, 

0.37 

- 

- 

- 

- 

- 

- 

1.29 

0.19 

1     ■ 
Tolal*. 

10.60 

5.67 

6.06 

7.23 

8.81 

3.63 

3.68 

3.70 

6.25 

S.6t 

*  Precipitation  incladed  In  that  of  following  day. 
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Datltf  Bainfall  at  Ten  Places  in  Maasaehxuetts,  Oeographiealljf  Selected. 

August,  1887. 


Day  or  Movth. 

1 

1 

1 

> 

t 

^ 

1 

a  Q 

Is 

5 

1 

1 

s 

1 

1. 

- 

0.10 

- 

- 

- 

- 

- 

- 

- 

- 

2, 

0.72 

0.65 

0.39 

0.17 

0.87 

0.36 

0.12 

0.24 

0.07 

2.62 

3, 

1.S8 

0.50 

0.23 

- 

- 

- 

- 

- 

- 

- 

*, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6. 

0.01 

- 

- 

- 

- 

- 

- 

- 

- 

- 

«, 

0.21 

0.30 

0.46 

0.30 

0.11 

0.13 

2.03 

0.17 

0.04 

_ 

7. 

8. 

: 

~ 

— 

~ 

,    - 

"" 

: 

^ 

" 

~ 

10. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

n. 

0.73 

0.20 

0.45 

0.58 

0.75 

0.38 

♦ 

0.20 

0.22 

- 

12. 

- 

- 

- 

- 

- 

- 

0.64 

- 

0.07 

0.48 

13. 

u. 

15, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-   ^ 

- 

- 

- 

- 

- 

- 

- 

0.01 

18. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18. 

1.00 

2.70 

- 

2.73 

0.93 

0.45 

8.20 

0.36 

0.49 

0.03 

19.         . 

- 

- 

2.80 

- 

- 

- 

- 

- 

- 

0.13 

20. 

0.39 

0.12 

- 

0.38 

0.20 

0.52 

0.20 

0.79 

0.04 

0.18 

21,          . 

- 

- 

- 

- 

* 

- 

- 

- 

- 

- 

22. 

2.05 

1.00 

0.12 

3.22 

* 

• 

2.27 

2.62 

1.86 

- 

23. 

- 

0.23 

0.20 

1.19 

* 

* 

* 

0.85 

0.70 

- 

24,         . 

- 

1.40 

0.14 

0.91 

1.55 

1.09 

* 

0.86 

0.96 

- 

26.         , 

- 

0.10 

- 

- 

- 

- 

1.67 

- 

0.04 

3.16 

2«.          . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

•      - 

27.  , 

28,  . 
29. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

. 

- 

0.26 

0.13 

- 

- 

0.05 

_ 

- 

_ 

30. 

0.01 

0.10 

- 

0.07 

0.21 

- 

0.06 

- 

0.66 

- 

31, 

0.04 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Toll 

iU,  . 

1    «.M 

7.30 

5.05 

9.77 

4.02 

3.53 

10.23 

5.68 

5.15 

6.61 

*  Precipitation  included  in  tliat  of  following  day. 
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WATER  SUPPLY  AXD   SEWERAGE. 


[Dec- 


Daily  Bain/all  at  Ten  Plaices  in  MasaachuseUs,  GeographicaXly  Selected, 

September,  1887. 


I>AY  OK    MOMTK. 

1 

1 

1 

1 

f 

II 

i 

B 

I 

1 

1 

i 

1,             .           .           . 

- 

. 

- 

- 

- 

- 

- 

- 

- 

- 

2, 

- 

0.03 

- 

- 

0.01 

- 

- 

* 

- 

3. 

- 

- 

- 

- 

- 

- 

- 

- 

0.04 

- 

4, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6. 

- 

- 

- 

- 

- 

- 

- 

0.13 

- 

- 

e, 

- 

- 

- 

- 

- 

- 

♦ 

0.15 

- 

- 

7, 

0.85 

0.35 

0.68 

1.75 

0.53 

0.61 

0.22 

- 

0.90 

o.n 

8. 

- 

0.25 

0.02 

- 

- 

- 

2.26 

- 

0.01 

- 

0, 

- 

-      . 

- 

- 

- 

- 

- 

0.21 

- 

- 

10. 

0.10 

0.15 

0.15 

0.09 

0.18 

0.24 

0.22 

0.15 

0.04 

11, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12. 

0.25 

0.20 

0.33 

• 

» 

0.32 

* 

0.16 

« 

- 

13, 

0.37 

0.10 

0.07 

0.44 

• 

- 

• 

- 

0.34 

1.10 

14, 

0.03 

0.05 

- 

- 

0.40 

- 

0.24 

- 

- 

- 

15. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17, 
18. 

„ 

_ 

" 

- 

_ 

- 

- 

- 

^ 

: 

10, 
20, 
21. 
22. 

- 

- 

- 

- 

- 

- 

- 

- 

: 

- 

0.04 

0.05 

0.11 

0.09 

0.10 

0.14 

0.30 

0.13 

0.09 

0.10 

23. 

0.04 

- 

- 

- 

- 

- 

- 

- 

0.05 

0.21 

25, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26. 

- 

- 

- 

-, 

- 

- 

- 

- 

- 

- 

27, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

29, 

- 

0.20 

0.10 

o.os 

* 

0.04 

0.02 

0.01 

0.08 

0.12 

30, 

0.11 

0.05 

0.05 

- 

0.07 

- 

- 

- 

0.05 

. 

Tot 

«1«, 

1.79 

1.45 

1.51 

2.45 

1.29 

1.35 

8.26 

0.79 

1.71 

1.68 

'^  Precipitation  Incladed  in  that  of  following  day. 
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DaUy  BainfaU  at  Ten  Places  in  MasBoehuaetta,  Oeogrt^hioaUy  BeUeted. 

October,  1887. 


. 

a' 

■E 

DAT  or  MOSTH. 

2 

1 
I 

1 

> 

1 

f 

% 

:i 

1 

1 

1 

1,     .    .    . 

0.05 

0.30 

0.58 

0.78 

1.00 

0.84 

0.41 

0.09 

1.60 

% 

0.58 

0.15 

0.08 

0.11 

0.08 

0.05 

0.03 

0.20 

0.07 

a, 

0.12 

0.05 

0.10 

0.10 

0.09 

0.18 

0.12 

0.01 

0.05 

4. 

0.17 

0.06 

- 

0.07 

- 

0.11 

0.41 

0.06 

0.08 

6. 

- 

- 

- 

0.02 

- 

- 

- 

- 

- 

T, 

: 

"■ 

~ 

~ 

: 

~ 

: 

8. 

^ 

„ 

„ 

_ 

- 

0.08 

„ 

~ 

_ 

10,        . 

r 

- 

- 

- 

- 

- 

- 

-' 

- 

11. 

0.39 

0.85 

0.21 

0.48 

0.76 

0.66 

0.64 

0.68 

0.37 

12, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IS, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

M. 

- 

- 

- 

- 

- 

" 

- 

_  • 

15.         . 

'        - 

- 

1 

- 

- 

- 

- 

1«, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IT. 

!     - 

- 

1 

- 

- 

- 

- 

- 

- 

- 

18. 

- 

- 

- 

- 

- 

- 

- 

0.04 

- 

. 

_ 

* 

• 

- 

. 

. 

* 

. 

21. 

1.32 

1.10 

1.02 

1.38 

1.30 

1.11 

1.21 

1.24 

1.72 

M, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2S. 

- 

- 

- 

. 

- 

- 

- 

- 

- 

24. 

- 

0.05 

- 

" 

- 

- 

- 

O.Ol 

- 

25. 

- 

- 

- 

- 

- 

- 

- 

- 

28, 

- 

- 

- 

" 

- 

- 

- 

- 

- 

2T, 

- 

- 

- 

- 

- 

- 

- 

28. 

- 

- 

- 

- 

- 

' 

0.06 

2». 

- 

- 

- 

_ 

_ 

- 

- 

- 

- 

30. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

81. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Tot 

ate. 

2.58 

2.05 

- 

1.99 

2.87 

8.21 

2.93 

2.82 

2.93 

8.95 

*  Precipitation  included  in  that  of  following  day. 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


DaUy  Bainfall  at  Ten  Places  in  MassachuseUs,  GeographioaUy  Selected, 
X  November^  1887, 


DAT  OF  MOKTH. 

1 

l' 

s 

1 
t 

£ 

3 

5  d 

S 

e 

I 
5 

1 

1 

c 

1 

t 

1 

ca 

1, 

- 

- 

- 

- 

- 

- 

- 

- 

0.05 

2. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

s, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

*» 

- 

0.02 

- 

- 

- 

- 

- 

- 

- 

- 

6. 
6, 
7. 
8, 

- 

- 

0.06 

- 

- 

- 

- 

" 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

». 

- 

- 

- 

_ 

_ 

_ 

_    . 

. 

« 

10, 

« 

- 

- 

0.73 

0.99 

0.76 

0.82 

* 

1.17 

0.97 

0.96 

11, 

0.75 

0.76 

0.13 

0.02 

- 

- 

0.98 

- 

- 

- 

12. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

13. 

- 

- 

- 

- 

- 

- 

- 

- 

~ 

- 

14* 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15, 

0.85 

0.85 

0.92 

1.02 

0.87 

1.15 

1.26 

1.39 

1.00 

1.04 

1«. 

- 

0.15 

0.06 

0.02 

0.06 

0.09 

0.02 

0.04 

0.10 

0.09 

17,         . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1». 

- 

0.20 

0.34 

0.63 

0.34 

0.20 

* 

0.11 

• 

0.20 

20, 

0.84 

0.22 

0.14 

- 

- 

- 

0.29 

- 

0.15 

- 

21, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28, 

0.01 

0.02 

0.02 

0.01 

- 

- 

0.07 

- 

- 

- 

24. 

- 

- 

0.01 

- 

• 

- 

- 

- 

- 

_ 

25. 

0.58 

0.45 

0.47 

• 

* 

0.25 

• 

0.30 

0.05 

- 

26. 

0.0» 

0.03 

0.05 

0.40 

0.32 

- 

0.27 

- 

- 

- 

27. 

0.02 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28. 

0.42 

0.75 

0.50 

0.30 

0.29 

0.24 

« 

0.13 

0.05 

- 

29. 

- 

- 

- 

- 

- 

- 

0.36 

- 

- 

0.26 

80, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Tot 

aU, 

3.50 

8.44 

3.52 

3.39 

2.64 

2.75 

3.25 

3.14 

2.32 

2.60 

*  Procipltatlon  included  in  that  of  following  day. 
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Daily  RainfcM  at  Ten  Places  in  Massachusetts,  OeographicdUy  Selected. 

December,  1887. 


Dai  of  Month. 

1 

1 

§ 

0 

1 

|j 

1 

1 

1 

'A 

1. 
2, 

- 

- 

~ 

0.04 

0.03 

■ 

0.08 

0.02 

0.03 

" 

4. 

i- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6. 
T, 

- 

0.40 

0.44 

0.28 

0.13 

0.14 

0.23 

0.13 

0.20 

0.19 

. 

_ 

« 

_ 

_ 

^ 

» 

. 

« 

8. 

- 

- 

- 

- 

- 

-     • 

- 

- 

- 

0.04 

9. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10. 

- 

0.03 

0.11 

« 

« 

♦ 

* 

- 

» 

- 

11. 

1.43 

0.75 

0.63 

0.93 

• 

* 

* 

» 

« 

- 

12. 

- 

0.16 

0.11 

- 

0.95 

0.78 

0.98 

0.86 

1.20 

1.47 

13. 

•     - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14. 

- 

- 

- 

- 

- 

- 

- 

-     - 

- 

- 

IS. 

0.65 

0.38 

0.40 

« 

0.76 

0.68 

« 

0.57 

* 

- 

16. 

- 

0.16 

0.14 

0.40 

- 

- 

0.61 

- 

0.72 

0.60 

17. 

- 

- 

- 

- 

- 

'- 

- 

- 

- 

- 

18. 

- 

0.42 

* 

0.2d 

0.64 

0.52 

* 

0.73 

* 

- 

w.       . 

- 

- 

0.65 

- 

- 

- 

0.43 

- 

0.67 

0.63 

20. 

1 

- 

- 

- 

* 

- 

- 

0.36 

- 

-     % 

21.          . 

0.28 

0.33 

0.56 

0.32 

0.23 

0.48 

- 

0.32 

0.31 

22, 

- 

- 

- 

0.03 

- 

- 

0.09 

0.02 

- 

- 

23. 
24. 
25, 

- 

- 

- 

- 

- 

- 

- 

- 

-  • 

- 

« 

. 

„ 

« 

_ 

- 

_ 

* 

- 

_ 

M, 

- 

- 

• 

♦ 

* 

* 

* 

0.36 

- 

- 

27, 

1.47 

o.eo 

0.15 

0.17 

0.28 

0.47 

0.20 

- 

0.17 

0.22 

28, 

- 

1.06 

1.33 

1.38 

0.90 

0.84 

0.95 

0.64 

1.00 

0.82 

29. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-4 

30, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-. 

81. 

- 

0.10 

- 

- 

0.03 

- 

- 

- 

- 

- 

Tot 

al«.  . 

4.60 

4.31 

4.0d 

4.04 

3.94 

3.66 

4.05 

3.09 

4.n 

4.28 

*  Precipitation  included  in  that  of  following  day. 

t  The  daily  records  at  Deerfleld  for  this  month  Include  only  the  precipitation  in  the  form  of  rain; 
the  total  however  gives  the  entire  precipitation  as  in  other  cases. 
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WATER  SUPPLY  AND   SEWERAGE.  [Dec. 


Daily  RainfaU  at  Ten  Places  in  MassachuseUs,  Geographically 

January,  18S8. 


Selected. 


Day  of  Montji. 

^ 

1 

1 

3 

1 

1 

0    o 

c  •; 

1 

5 

1 

1 

J 

1,         .        .        . 

* 

1.00 

1.08 

1.86 

* 

*  • 

* 

* 

* 

♦ 

2, 

1.37 

0.50 

0.36 

- 

1.42 

1.38 

1.40 

1.44 

1.40 

1.67 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

» 

0.16 

* 

0.11 

♦ 

0.08 

0.07 

* 

- 

- 

0.10 

- 

0.07 

- 

0.08 

- 

- 

0.12 

0.10 

- 

« 

- 

- 

- 

~ 

- 

- 

- 

- 

- 

0.05 

0.05 

- 

0.08 

- 

♦ 

0.01 

* 

0.05 

0.33 

0.20 

0.25 

0.07 

O.OO 

0.17 

0.05 

0.02 

0.05 

0.16 

- 

- 

- 

- 

- 

- 

- 

- 

. 

- 

10, 

1.50 

0.20 

0.16 

0.13 

0.13 

0.12 

0.15 

0.17 

0.30 

0.27 

11. 

- 

- 

- 

- 

- 

^ 

- 

- 

- 

- 

12, 

- 

- 

- 

. 

- 

- 

- 

- 

13. 

0.85 

0.55 

0.51 

0.47 

0.52 

0.47 

0.40 

0.35 

0.40 

0.28 

14. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.63 

15. 

0.33 

0.15 

0.14 

0.23 

0.14 

0.08 

0.21 

0.00 

0.02 

0.06 

16, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17. 

* 

» 

• 

0.72 

♦ 

• 

* 

0.74 

♦ 

• 

18, 

0.66 

0.27 

0.24 

- 

0.73 

0.76 

0.67 

- 

0.45 

0.45 

19. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2e. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22, 

- 

- 

- 

0.07 

- 

- 

- 

- 

- 

- 

23. 

t 

- 

- 

- 

- 

0.03 

* 

0.04 

0.03 

« 

0.08 

24. 

- 

0.02 

- 

- 

- 

0.02 

- 

- 

0.04 

- 

25. 

* 

♦ 

♦ 

• 

• 

• 

* 

* 

- 

- 

26, 

1.20 

0.45 

0.04 

1.53 

0.94 

0.80 

1.36 

0.78 

0.68 

0.80 

27, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.03 

28, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

29, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

30. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

31, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Tot 

»i», 

6.24 

8.49 

3.88 

4.65 

4.19 

8.88 

4.45 

8.70 

3.52 

4.56 

«  Precipitation  included  in  that  of  following  day. 
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639 


Daily  Rainfail  at  Ten  Places  in  Massachuselis,  QeographtcaUy  Selected. 

February,  1888. 


DAT    0»   MOSTH. 

S 

1 
1 

£ 

1 

s 

1 

Taunton. 

New  Bedford. 

1,            .           .           . 

- 

- 

. 

- 

- 

- 

- 

- 

- 

- 

2. 
3, 
4. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

•  , 

* 

• 

* 

• 

0.45 

* 

♦ 

* 

•    ■ 

6. 

1.80 

0.50 

0.84 

0.83 

0.66 

^ 

0.74 

0.43 

0.48 

0.48 

6. 

- 

0.06 

- 

- 

- 

- 

- 

- 

- 

*f 

! 

» 

- 

♦ 

0.14 

0.06 

0.18 

• 

0.05 

8.         . 

0.36 

0.56 

- 

0.18 

0.05 

0.10 

- 

0.06 

0.30 

0.22 

». 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10, 

* 

• 

- 

* 

* 

» 

♦ 

* 

• 

♦ 

11, 

1     1.28 

0.75 

0.78 

0.64 

0.84 

• 

0.61 

0.73 

0.35 

0.26 

12. 

- 

- 

- 

- 

0.70 

- 

- 

- 

0.41 

18, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14, 

- 

- 

- 

- 

- 

- 

- 

0.02 

- 

0.01 

15, 

- 

- 

- 

- 

- 

- 

0.03 

- 

- 

- 

M.         . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IT,         . 

- 

- 

- 

- 

- 

- 

- 

- 

18,         . 

- 

0.10 

- 

- 

0.04 

- 

- 

- 

- 

0.03 

w.       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20.         . 

• 

1.50 

* 

* 

% 

« 

« 

* 

• 

* 

21.         . 

1.66 

0.40 

2.15 

1.95 

1.19 

1.17 

1.66 

0.73 

1.00 

0.84 

22. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25, 

'        ♦ 

o.eo 

« 

« 

* 

0.86 

« 

* 

« 

* 

26. 

;    0.78 

1 

0.20 

0.50 

0.06 

0.79 

- 

0.83 

0.78 

0.05 

0.69 

27, 

1         " 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28, 

1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

», 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Totj 

il.,  . 

5.87 

4.65 

4.36 

4.56 

3.71 

3.34 

4.05 

2.70 

3.08 

2.99 

*  PreclpltatioD  incladed  in  that  of  foUowing  day. 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Daily  Rainfall  at  Ten  Places  in  Massachusetts,  GeographicaUy  Selected. 

March,  1888. 


DAT  OF  Month. 

i 

1 

1 

5 

i 
f 

1 

1 

1 

1 

e 

1 

1 

1, 

1 

- 

- 

- 

0.02 

- 

- 

- 

0.08 

0.01 

2. 

- 

* 

- 

0.18 

• 

* 

- 

- 

0.14 

- 

3. 

0.16 

- 

- 

0.04 

0.14 

0.09 

0.06 

- 

0.10 

7, 
8. 
d> 

10. 

11. 

- 

" 

- 

- 

- 

- 

~ 

- 

* 

» 

_ 

* 

* 

_ 

„ 

_ 

_ 

» 

12. 

• 

• 

« 

* 

« 

* 

• 

2.18 

* 

1.29 

13. 

« 

2.50 

* 

* 

* 

2.33 

1.76 

0.10 

1.10 

♦ 

14, 

8.22 

0.40 

4.00 

2.74 

3.33 

0.26 

0.18 

- 

* 

0.13 

15, 

- 

- 

- 

- 

- 

- 

0.02 

- 

0.13 

- 

16, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19, 

_ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20, 

* 

« 

» 

• 

♦ 

* 

• 

• 

• 

♦ 

21. 

• 

1.40 

1.20 

0.99 

« 

1.16 

* 

* 

1.00 

1.78 

22, 

1.30 

0.25 

- 

- 

1.04 

- 

1.18 

1.06 

- 

- 

23, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26, 

* 

1.60 

« 

0.01 

• 

• 

* 

« 

«r 

• 

27, 

1.42 

1.05 

* 

0.31 

« 

0.89 

* 

1.15 

1.01 

1.55 

28, 

0.03 

0.20 

• 

« 

♦ 

0.52 

1  54 

0.31 

« 

0.74 

29, 
30, 

0.27 

0.20 

1.46 

0.04 

1.84 

0.23 

0.17 

0.81 

0.71 

0.18 

31, 

- 

^- 

- 

- 

- 

- 

- 

- 

- 

- 

Totali, 

6.24 

7.65 

6.65 

6.17 

6.27 

6.63 

4.94 

6.17 

4.12 

6.78 

*  Precipitation  included  in  that  of  following  day. 
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Daily  Rainfall  at  Ten  Places  in  Massachitaettt,  Oeographicallt/  Selected. 

April,  1888. 


DAT   or   MOXTH. 

2 

1 

s 

1 

t 

(X 

2 

i 

1 

§ 
5 

1.      .      .      . 

« 

« 

* 

♦ 

♦ 

• 

• 

• 

* 

0.12 

% 

3,  . 
4. 

1.03 

0.35 

0.52 

1.23 

0.68 

0.73 

1.41 

1.15 

0.40 

0.02 

_, 

- 

. 

. 

- 

- 

_ 

- 

- 

- 

». 

* 

« 

• 

* 

♦ 

* 

• 

* 

* 

* 

7, 

o.es 

1.15 

1.15 

o.so 

0.89 

0.83 

0.81 

0.83 

1.05 

1.36 

8,         . 
9, 

: 

: 

: 

- 

: 

- 

- 

~ 

: 

" 

10. 

* 

« 

♦ 

• 

* 

* 

« 

• 

* 

« 

11, 

1.00 

0.76 

0.67 

0.88 

0.57 

0.55 

0.71 

0.73 

0.57 

0.75  ' 

12. 

0.04 

0.16 

0.12 

0.04 

0.02 

- 

0.03 

0.06 

- 

0.01 

18, 

~    , 

- 

- 

- 

- 

- 

' 

- 

- 

0.01 

14, 

0.05 

0.10 

0.08 

0.07 

* 

0.00 

* 

0.'17 

* 

O.U 

15, 

■        - 

- 

- 

O.Ol 

0.05 

- 

0.14 

- 

0.12 

0.07 

16> 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17, 
18, 

0.06 

0.10 

0.13 

0.05 

0.05 

_ 

0.09 

0.03 

0.02 

0.02 

19.     ^. 

- 

- 

0.18 

- 

- 

- 

- 

- 

- 

- 

20, 

- 

* 

0.17 

♦ 

« 

« 

m 

* 

• 

- 

21, 

0.42 

0.50 

0.15 

0.48 

0.42 

0.24 

0.25 

0.22 

0.19 

0.29 

22, 

0.04 

- 

- 

- 

- 

- 

- 

0.03 

- 

0.01 

23,         . 

- 

- 

- 

- 

- 

- 

- 

- 

•     - 

- 

24, 

25. 
28, 

0.01 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

. 

- 

- 

- 

- 

- 

27, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

29, 

- 

- 

- 

- 

- 

- 

- 

0.01 

- 

- 

30, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Tot 

alB,  . 

3.33 

8.11 

3.17 

3.56 

2.58 

2.44 

3.44 

3.23 

2.35 

2.77 

Precipitation  included  in  tliat  of  following  day. 
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WATER  SUPPLY  AND   SEWERAGE, 


[Dec. 


Daily  Rainfall  at  Ten  Places  in  Massachtisetts,  Geographically  Selected. 

May,  18S8, 


DAT    OF    MOSTH. 

1 

1 

3 

1 

1 

1^ 

1 

1 

H 

• 

'A 

1, 

0.07 

0.05 

0.07 

* 

• 

« 

• 

0.01 

0.12 

• 

2, 
4, 

0.06 

0.03 

0.04 

0.23 

0.12 

0.06 

0.11 

- 

0.03 

0.06 

_ 

_ 

_ 

_ 

♦ 

_ 

• 

* 

_ 

. 

6. 

6, 

0.03 

0.07 

O.ll 

: 

0.13 

0.24 

0.06 

0.16 

0.38 

0.35 

7, 
8. 

- 

0.02 

- 

- 

» 

♦ 

* 

« 

"" 

- 

• 

9, 

0.19 

0.50 

0.45 

0.09 

0.46 

0.57 

0.56 

0.43 

0.83 

0.16 

10. 

0.06 

0.10 

0.09 

0.07 

* 

- 

* 

- 

0.03 

0.04 

11, 

• 

0.05 

0.84 

0.12 

* 

049 

0.20 

0.17 

0.16 

« 

12. 

1.38 

1.00 

* 

1.40 

* 

1.62 

1.38 

2  11 

1.30 

1.S4 

13. 

0.05 

0.15 

* 

036 

2.18 

1.32 

0.38  • 

1.05 

0.14 

OOS 

14. 

0.08 

0.40 

• 

- 

* 

0.03 

0  07 

0.02 

0-06 

0  05 

15, 

0.81 

0.20 

* 

0.26 

034 

0.23 

« 

006 

0.21 

0.11 

Ifl, 

0.02 

0  05 

- 

- 

- 

0.42 

0  09 

- 

- 

17, 

0.06 

- 

- 

- 

- 

- 

- 

0.01 

18, 

0.15 

0.80 

• 

- 

* 

* 

• 

* 

0  12 

• 

19,         . 

0.31 

0.60 

2.03 

0.21 

0.33 

0.30 

0.23 

0.28 

0,70 

^.91 

20, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24, 

- 

- 

0.04 

- 

- 

- 

- 

0.02 

- 

0.05 

25.         . 

0.01 

- 

- 

- 

- 

- 

_ 

- 

0.42 

26. 

- 

0.02 

- 

- 

- 

- 

- 

- 

0.30 

- 

27, 

0.03 

- 

• 

0  06 

- 

- 

- 

- 

0.18 

0.S2 

28. 

0.13 

0.40 

• 

* 

- 

* 

* 

* 

0.28 

• 

29, 

092 

0.67 

» 

0.86 

- 

0  85 

0  71 

0  56 

0.42 

0.80 

30. 

0-17 

0.10 

1.09 

0.05 

0.83 

0-10 

0.12 

0.12 

0.16 

068 

81, 

- 

0.05 

- 

O.ll 

0.09 

0-02 

0.03 

0.23 

Tot 

al8.  . 

4.52 

4.76 

4.26 

3.80 

4.50 

5  90 

4.24 

5-10 

4.05 

5-96 

*  PreciplUtion  included  Id  that  oi  following  day. 
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DaUy  Rainfall  at  Ten  Places  in  Massachusetts,  Oeographically  Selected. 

June,  1888. 


DAT  OF  MOMTH. 

1 

1 

1 

1 

1 

]| 

8 
J3 

1 

i 

1 
'A 

1. 

0.01 
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Daily  BeUnfall  al  Ten  Places  in  Massachusetts,  Oeographioally 
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Daily  Rainfall  at  Ten  Places  in  Massachusetts^  Geographically  Selected. 

September^  1888. 
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Daily  Bainfall  at  Ten  Places  in  Massachusetts,  OeographicaUy  Selected. 
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September,  1888. 


DAT    OF    MOXTH. 

2 

1 

1 

s 

I 

0     % 

8 

a 

1 

j 

i 

1. 

0.88 

1.10 

.1.16 

1.04 

0.24 

0.22 

0.34 

0.11 

0.47 

0.30 

2. 

- 

- 

- 

- 

- 

- 

- 

- 

0.04 

0.20 

8. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4. 

- 

- 

- 

0.01 

- 

- 

- 

- 

0.12 

0.21 

6, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6. 
8. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.05 

2.00 

2.16 

2.22 

0.02 

0.66 

• 

0.78 

« 

- 

©. 

0.02 

0.15 

- 

- 

0.87 

1.85 

1.61 

0.20 

* 

0.66 

10. 

- 

- 

- 

- 

- 

- 

- 

- 

1.40 

0.96 

u, 

- 

- 

- 

- 

- 

- 

- 

* 

- 

- 

12. 

0.20 

0.40 

- 

0.40 

O.QO 

0.50 

0.72 

0.63 

0.28 

0.35 

18. 

- 

- 

- 

- 

0.05 

0.07 

- 

0.04 

0.06 

0.17 

l*** 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1«, 

1        - 

• 

0.46 

• 

* 

0.08 

* 

• 

• 

0.80 

17, 

0.46 

0.12 

0.26 

0.16 

* 

* 

0.13 

* 

* 

« 

18. 

2.00 

2.00 

1.02 

2.29 

,    1.87 

1.94 

« 

» 

1.43 

1.13 

10, 

'    0.01 

- 

- 

- 

- 

- 

1.46 

1.82 

- 

• 

20. 

- 

0.40 

- 

* 

- 

- 

» 

- 

- 

0.20 

21,         . 

2.47 

1.62 

2.29 

2.54 

1.42 

0.24 

« 

« 

* 

- 

22. 

0.06 

- 

0.04 

0.14 

♦ 

0.78 

1.56 

1.12 

0.57 

0.49 

28,         . 

- 

- 

- 

- 

0.05 

- 

- 

- 

0.02 

0.20 

24. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26,         . 

- 

- 

• 

- 

• 

- 

- 

- 

- 

• 

26.         . 

1.06 

1.60 

1.57 

1.77 

2.07 

8.50 

1.02 

8.26 

4.33 

4.95 

27.         . 

0.02 

- 

- 

- 

- 

- 

- 

- 

- 

0.14 

28. 
20. 
80.         . 

- 

- 

- 

- 

- 

0.02 

- 

0.01 

0.07 

0.80 

- 

0.05 

- 

- 

- 

- 

- 

- 

- 

- 

Toti 

.!■,  . 

8.83 

0.34 

0.84 

10.67 

8.09 

0.45 

7.74 

7.97 

8.79 

11.56 

*  Precipitation  Included  in  that  of  following  day. 
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Datly  Rainfall  at  Ten  Placet  in  Mauaehtuetta,  OeographieaUy  Selected. 

October,  1888. 


DAT  OF  MoaiTM. 

4 

1 

§ 

S 
t 

1 

i. 
II 

5 

1 

1 

1 

1,     .    . 

- 

0.00 

0.60 

• 

* 

» 

* 

• 

• 

0.19 

2. 

1.28 

0.42 

0.57 

1.18 

0.78 

0.70 

1.06 

0.60 

0.26 

0.01 

- 

0.10 

- 

- 

- 

- 

- 

0.31 

0.01 

- 

. 

« 

. 

_ 

- 

_ 

_ 

* 

0.01 

0.02 

«, 

O.U 

0.16 

0.62 

• 

* 

0.82 

• 

• 

* 

0.02 

T, 

l.M 

0.80 

0.48 

1.82 

1.76 

0.42 

1.81 

1.61 

1.78 

0.64 

8. 

- 

- 

- 

- 

- 

- 

- 

^ 

- 

- 

». 

0.03 

0.06 

0.04 

0.02 

0.02 

- 

- 

- 

- 

10, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12, 

0.19 

0.16 

0.09 

* 

• 

_• 

• 

» 

• 

0.09 

13. 

0.82 

0.17 

0.08 

0.40 

0.26 

0.30 

0.27 

• 

0.12 

- 

14. 

0.34 

0.82 

0.18 

0.24 

0.16 

0.13 

O.ll 

0.37 

0.06 

0.12 

15. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10,      . 

0.03 

0.10 

0.10 

O.U 

* 

• 

0.04 

0.06 

0.04 

IT, 

0.88 

0.00 

0.84 

0.43 

0.20 

0.16 

0.73 

0.10 

- 

- 

18, 

0.01 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19,         . 

- 

0.02 

- 

• 

* 

* 

« 

0.47 

- 

- 

20, 

0.21 

0.70 

0.64 

0.27 

0.56 

0.44 

0.33 

_ 

0.76 

0.81 

21.         . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22, 

- 

- 

- 

- 

- 

- 

- 

_ 

- 

- 

23. 

0.01 

O.Ol 

- 

- 

- 

• 

- 

- 

* 

- 

at. 

0.76 

0.80 

0.92 

0.82 

0.96 

0.97 

0.90 

0.99 

,0.88 

0.66 

26, 

- 

- 

- 

- 

- 

- 

- 

- 

2«, 

- 

- 

- 

- 

• 

0.06 

* 

♦ 

• 

0.04 

27. 

0.15 

0.08 

0.12 

• 

• 

0.47 

• 

0.06 

0.03 

0.01 

28. 

0.55 

0.58 

0.88 

0.62 

* 

0.07 

0.54 

0.42 

0.72 

0.49 

29,         . 

0.32 

- 

0.22 

0.11 

0.65 

- 

0.17 

0.08 

- 

0.08 

30.         , 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

81. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Tot 

^. 

0.31 

6.06 

6.14 

6.40 

5.29 

4.54 

6.92 

4.94 

4.60 

8.07 

*  Precipitation  included  in  that  of  following  day. 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Baxly  Rainfall  at  Ten  Places  in  MassachuseUs,  Oeographically  Selected, 

November,  ISSS.  - 


Bat  or  Movth. 

1 

1 

5 

i 

3 

a  . 

s  p 

u 

^ 

1 

1 

1 

1. 
2. 

- 

. 

- 

- 

_ 

- 

- 

- 

- 

8, 

0.17 

0.30 

0.33 

0.15 

0.10 

0.07 

0.10 

0.C6 

0.14 

0.02 

4, 

- 

- 

■ 

- 

- 

- 

- 

- 

- 

- 

A, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6, 

- 

_ 

- 

- 

- 

- 

- 

- 

0.04 

O.IT 

7, 

_ 

_ 

- 

- 

- 

- 

- 

- 

0.01 

8, 

• 

0.03 

- 

* 

• 

0.20 

• 

* 

• 

0.14 

9, 

0.67 

0.45 

0.48 

• 

« 

0.05 

0.54 

'  * 

0.20 

0.97 

10. 

0.75 

1.75 

1.53 

1.87 

1.86 

1.55 

1.02 

1.25 

2.50 

0.86 

", 

0.32 

0.05 

0.06 

- 

- 

- 

- 

- 

- 

12, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

13, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

M. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15. 

1.15 

0.90 

0.60 

0.91 

0.84 

0.95 

• 

0.60 

0.92 

0.87 

1«. 

O.Ol 

0.10 

0.13 

♦ 

* 

* 

0.73 

0.14 

0.28 

0.22 

n. 

- 

- 

0.05 

0.04 

0.23 

0.19 

0.14 

- 

- 

- 

18, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

w, 

0.50 

0.40 

,0.44 

0.40 

0.45 

0.40 

0.37 

0.36 

0.77 

0.78 

20. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24. 

- 

- 

- 

- 

- 

- 

- 

• 

- 

- 

23. 

% 

* 

* 

* 

« 

* 

• 

• 

• 

« 

* 

26. 

0.27 

0.60 

* 

* 

« 

» 

• 

* 

3.23 

8.11 

27. 

0.21 

0.27 

1.50 

2.73 

3.86 

4.:>o 

3  IS 

3.95 

1.05 

- 

28. 

0.02 

- 

- 

- 

- 

- 

- 

- 

- 

- 

29. 

0.27 

0.20 

- 

0.18 

0.30 

0.26 

• 

- 

* 

0.00 

80, 

0.02 

0.03 

- 

- 

- 

- 

0.08 

0.18 

0.12 

- 

Tot 

al*. 

4.36 

5.08 

5.18 

6.28 

7.61 

8.17 

6.16 

6.63 

9.25 

T.a* 

•  PreclplUtlon  incladed  in  that  of  following  day. 
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Daily  Rainfall  at  Ten  Places  in  Maasachuselts,  Oeographicall}/  Selected. 

December,  1888. 


DAT   OP    aiOKTII. 

•a 

1 

> 

5 

s 

( 

°  o 

1 

1 

1 

c 

^ 

g 

1,  .           .           . 

2,  .           .           . 

3,  .        .        . 

4,  .        .        . 

5,  .        .        . 

6,  .        .        . 

7,  .        .        . 

8,  .        .        . 

9,  .        .        . 

10,  .        .       . 

11,  ... 

12,  .         .        . 
IS,         ... 

14.  ... 

15,  .        .         . 

la,       .      .      . 

17,  .        .        . 

18,  .         .        . 

19,  ... 

20,  .        .        . 

21,  .        .        . 

22,  .         .        . 

23,  .        .        . 

24,  .        .        . 

25,  ... 
28.         .         .        . 

27,  .        .        . 

28,  .        .        . 

29,  .        .        . 

80,  ... 

81,  ... 

0.05 
0.01 

* 
0.76 
0.10 

• 

• 

2.80 

0.47 

0.06 

0.56 
0.56 

2.70 
0.75 

0.50 

0.14 
0.02 

0.54 

» 

0.6T 

2.80 
1.20 

0.46 

0.03 
0.01 

0.63 
0.86 

2.02 
1.42 

0.80 

* 
0.06 

♦ 
0.73 

0.51 

* 
4.02 

0.02 
0.27 

0.02 
0.02 

0.63 
0.99 

* 
8.51 

0.19 

0.04 

0.39 
0.52 

• 
3.68 

0.24 

0.18 

0.46 
1.09 

• 
8.64 

0.23 

0.60 

* 

1.26 

• 
1.66 

0.44 
0.01 

0.01 

0.03 

0.48 
1.61 

1.04 

0.01 
0.31 

0.01 

Totals,  . 

8.68 

6.10 

5.22 

6.86 

6.61 

5.86 

4.77 

6.60 

3.97 

8.60 

*  Precipitation  Inolnded  in  that  of  following  day. 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Daily  Rainfall  at  Ten  Places  in  MassachusetU^  GeographicaUy  Selected, 

January^  1889. 


DAT   OF   MOKTH. 

i 

1 

Gllbertvllto. 

i 

j 

2  • 

1 

1 

1 
§ 
5 

1 

1» 

- 

- 

- 

- 

- 

- 

- 

- 

_ 

- 

2, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5. 

o.os 

0.01 

- 

- 

- 

- 

- 

- 

- 

- 

«, 

0.66 

0.30 

0.26 

0.67 

* 

• 

- 

* 

2.25 

• 

7, 

0.38 

0.25 

.   0.27 

%).50 

2.69 

4.06 

2.17 

2.06 

0.48 

2.5« 

8. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

». 

0.08 

0.85 

0.53 

0.56 

• 

• 

- 

* 

1.15 

0.60 

10, 

•0.08 

0.16 

0.10 

0.03 

0.50 

0.45 

0.24 

- 

- 

11. 

- 

- 

- 

- 

- 

- 

0.43 

- 

- 

- 

12. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

13. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1«. 

0.03 

0.02 

0.11 

0.02 

- 

• 

_ 

* 

- 

- 

17, 

0.00 

1.05 

1.43 

1.84 

0.62 

0.62 

0.66 

0.33 

0.60 

1.10 

18. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

M. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20. 

* 

♦ 

• 

0.02  ' 

- 

* 

- 

- 

- 

- 

21, 

0.35 

0.42 

1.48 

1.39 

• 

0.61 

1.81 

0.98 

0.04 

0.©3 

22. 

- 

- 

- 

- 

0.61 

- 

- 

- 

- 

- 

23, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24, 

O.Ol 

- 

- 

- 

- 

- 

- 

- 

- 

0.04 

25. 

- 

- 

- 

- 

- 

- 

- 

- 

0.02 

- 

26,' 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

27, 

- 

0.60 

0.65 

1.00 

0.86 

0.86 

0.68 

* 

* 

0.Q2 

28, 

0.65 

0.30 

- 

0.10 

- 

- 

0.03 

0.70 

0.70 

- 

29, 

- 

0.02 

- 

0.01 

- 

- 

- 

0.01 

- 

80, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

31. 

- 

- 

- 

0.01 

0.03 

- 

0.03 

- 

- 

0.06 

Tot 

all. 

4.01 

8.07 

4.73 

5.73 

5.39 

6.50 

5.21 

5.23 

6.15 

6.91 

'  Precipitation  iaelnded  in  that  of  following  day. 


Digitized  by 
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Ikuly  Bainfall  al  Ten  Places  in  Ma$»achusett»,  GeographioaUy  SeUcied, 

February,  1889. 


DAT  or  Moarni. 

1 

1 

1 

1 

1 

Jl 

;5 

1 

1 

1 

1. 

i     - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2. 

.     - 

- 

- 

- 

- 

- 

- 

- 

- 

8. 

- 

0.01 

- 

0.01 

0.01 

- 

- 

- 

- 

- 

4, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6, 

0.03 

0.05 

0.15 

• 

0.48 

0.28 

♦ 

0.62 

- 

% 

- 

0.20 

0.05 

0.22 

0.27 

0.08 

0.52 

- 

0.72 

7, 

0.30 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8. 

- 

- 

- 

- 

• 

* 

- 

- 

♦ 

- 

»» 

- 

0.10 

0.22 

0.05 

0.11 

0.13 

0.05 

0.10 

0.26 

0.45 

10. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11. 

1 

- 

- 

0.02 

* 

* 

- 

« 

* 

0.20 

12, 

1    0.16 

0.20 

0.23 

0.34 

0.28 

0.3i 

0.44 

0.49 

0.26 

- 

13. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

u. 

t        - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16. 

1        - 

- 

_ 

- 

- 

- 

- 

- 

- 

- 

16. 

* 

0.20 

- 

0.09 

« 

• 

- 

« 

• 

- 

IT. 

0.38 

0.35 

- 

0.26 

0.44 

0.36 

0.4t 

0.47 

0.35 

0.64 

18. 

0.46 

0.60 

* 

0.46 

0.57 

0.58 

0.34 

0.46 

0.65 

0.65 

w, 

0.15 

0.06 

0.45 

0.03 

- 

- 

- 

- 

- 

- 

20, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21,         , 

- 

- 

- 

- 

- 

- 

- 

- 

22, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.01 

23, 

1 

- 

- 

- 

- 

- 

- 

- 

- 

24. 

'        - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26, 

1        - 

O.Ol 

- 

- 

- 

- 

- 

- 

0.08 

0.07 

26. 

- 

- 

* 

- 

- 

- 

- 

- 

- 

- 

27, 

0.26 

0.20 

0.18 

0.08 

0.02 

0.04 

- 

0.03 

- 

0.01 

28. 

0.70 

0.10 

- 

0.01 

- 

- 

0.05 

- 

- 

- 

Tot 

«18, 

2.42 

1.97 

1.13 

1.72 

1.65 

1.03 

^1.66 

2.07 

2.22 

2.75 

*  Precipitation  Included  in  that  of  following  day. 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Daily  Rainfall  at  Ten  Places  in  MassachuseUs^  Oeographically  Selected, 

March,  1889. 


DAT  or  HOIfTH. 

2 

1 

5 

1 

1 

5  . 

\ 

1 

1 

1 

1. 

8, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.15 

0.60 

0.60 

0.48 

• 

• 

_ 

* 

* 

~ 

6, 

0.45 

0.50 

0.65 

0.45 

* 

* 

- 

0.78 

0.68 

0.90 

7. 

- 

0.05 

0.21 

0.07 

1.10 

1.03 

1.48 

- 

0.07 

8. 
9, 

- 

•" 

: 

~ 

- 

- 

: 

— 

~ 

~ 

10. 
11. 

- 

« 

- 

^ 

- 

- 

- 

„ 

„ 

12. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

13. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

u. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16. 

0.12 

- 

- 

• 

• 

• 

- 

• 

» 

- 

17, 

O.ll 

0.12 

- 

0.14 

* 

* 

- 

* 

m 

- 

18, 

- 

0.12 

0.40 

0.26 

% 

0.66 

0.38 

0.60 

0.67 

o.e2 

w. 

- 

- 

- 

0.03 

0.69 

O.OS 

- 

- 

- 

20, 

- 

• 

- 

- 

- 

- 

- 

- 

0.18 

- 

21, 

- 

0.05 

- 

- 

- 

- 

- 

- 

- 

0.42 

22, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23, 

- 

- 

-    . 

- 

- 

- 

- 

- 

- 

- 

24, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

27. 

- 

- 

- 

- 

* 

- 

- 

- 

- 

0.13 

28, 

0.07 

0.30 

0.33 

0.16 

o.u 

0.15 

0.13 

0.02 

0.23 

0.05 

29, 

0.07 

- 

- 

- 

- 

- 

- 

0.13 

- 

- 

30, 

- 

o.re 

0.12 

0.08 

0.03 

0.03 

- 

• 

0.13 

- 

31. 

0.60 

0.30 

0.78 

0.29 

0.00 

0.40 

- 

0.28 

0.30 

O.ST 

Totals, 

1.47 

2.00 

2.89 

1.94 

2.46 

2.17 

2.03 

1.66 

2.26 

2.e9 

*  PredplUtlon  included  In  that  of  following  day. 
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DixUy  RainfaU  at  Ten  Places  in  MoBsachusetts,  Oeographioally  Selected. 

April,  1889. 


DAT  OF  MOXTH. 

j 

1 

1 

5 

u* 

5  . 

;s 

a 

1 

s 
s 

> 

s. 

1.           .           . 

0.83 

0.00 

* 

0.83 

* 

• 

- 

* 

• 

* 

2. 

0.32 

0.36 

0.50 

0.18 

0.85 

1.04 

1.36 

1.18 

1.28 

0.60 

8, 

0.10 

0.10 

- 

0.05 

0.04 

0.05 

0.05 

0.04 

0.00 

0.04 

*. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6, 

•      - 

- 

- 

- 

- 

- 

- 

- 

0.02 

- 

«, 

- 

- 

- 

- 

- 

- 

0.13 

- 

- 

- 

T. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

», 

- 

- 

- 

- 

- 

- 

- 

-     • 

- 

0.07 

10, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11.  • 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.21 

12. 

0.01 

0.07 

0.11 

- 

0.04 

* 

- 

* 

0.45 

0.06 

18, 

- 

0.13 

0.00 

- 

0.14 

0.81 

0.07 

0.14 

0.81 

0.28 

14, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1«. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IT, 

- 

- 

- 

0.02 

* 

» 

- 

* 

0.85 

o.eo 

18,         , 

- 

0.02 

- 

0.12 

0.59 

0.66 

_ 

0.66 

- 

0.12 

», 

- 

- 

- 

- 

- 

- 

0.83 

- 

- 

- 

». 

0.04 

0.16 

0.04 

0.10 

• 

0.21 

0.10 

0.10 

- 

0.01 

21. 

- 

- 

0.08 

0.02 

0.30 

0.08 

0.03 

0.02 

0.05 

- 

22, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25, 

* 

- 

- 

0.05 

* 

0.03 

- 

- 

0.05 

0.04 

28. 

0.45 

0.10 

0.64 

1.05 

0.08 

♦ 

- 

• 

1.33 

1.54 

27, 

0.00 

1.05 

0.40 

0.64 

- 

* 

1.78 

1.46 

0.17 

0.10 

28. 

0.24 

0.10 

0.17 

0.06 

i.eo 

1.66 

0.20 

0.10 

0.02 

0.01* 

29, 

0.01 

0.05 

- 

- 

- 

0.03 

0.07 

- 

- 

0.06 

30, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Tot 

al«,  . 

2.00 

2.73 

2.03 

3.12 

8.50 

4.02 

4.12 

3.60 

4.62 

4.22 

*  Precipitation  inoladed  In  that  of  following  day. 
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Daily  Rainfall  at  Ten  Places  in  MassachuseUSy  OeograpMcaUy 

May,  1889. 


Selected, 


DAT  or  MOKTH. 

1 

1 

\ 

1 

i 

i. 

1 

1 

I 

1 

1. 

2. 

- 

0.02 

- 

- 

- 

- 

- 

- 

- 

- 

8. 

; 

- 

- 

- 

- 

- 

- 

- 

- 

- 

*. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

«. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7, 

- 

- 

- 

- 

- 

- 

- 

- 

•,         . 

- 

- 

~ 

- 

- 

- 

- 

- 

- 

- 

». 

- 

- 

- 

- 

- 

- 

- 

- 

- 

_^ 

10, 

0.86 

0.12 

- 

0.25 

0.22 

0.05 

0.25 

- 

0.30 

0.03 

n, 

0.01 

0.06 

0.18 

0.10 

- 

- 

- 

- 

- 

0.04 

12. 

- 

- 

- 

- 

- 

- 

- 

- 

0.05 

0.06 

13. 

• 

0.02 

- 

0.03 

* 

0.09 

0.17 

- 

0.34 

0.57 

14, 

0.70 

0.08 

0.17 

0.86 

0.06 

- 

0.67 

0.03 

0.01 

0.12 

16. 

- 

- 

0.18 

- 

0.02 

- 

- 

- 

- 

- 

16. 

- 

0.20 

- 

- 

- 

- 

- 

- 

- 

IT,  • 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18. 

- 

- 

- 

- 

" 

- 

- 

- 

- 

- 

», 

- 

- 

- 

- 

^ 

- 

- 

- 

- 

- 

20, 

0.05 

1.00 

0.60 

0.95 

m 

• 

- 

- 

1.48 

1.24 

21. 

0.60 

0.66 

0.38 

0.69 

2.55 

3.17 

2.29 

1.99 

0.20 

0.48 

22. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.01 

23, 

- 

- 

- 

- 

- 

- 

- 

0.03 

0.18 

0.76 

24, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25, 

0.13 

0.45 

0.18 

0.07 

0.22 

0.34 

0.09 

0.07 

- 

- 

26, 

• 

0.30 

0.86 

0.32 

0.32 

0.34 

0.36 

0.28 

0.54 

0.68 

27, 

0.68 

0.40 

0.37 

0.50 

0.60 

• 

- 

« 

« 

1.35 

A 

0.04 

0.08 

0.11 

O.Ol 

- 

0.74 

0.50 

0.57 

090 

- 

29. 

- 

- 

- 

- 

- 

1 

- 

- 

- 

- 

30. 

0.08 

0.05 

- 

- 

- 

0.05 

- 

- 

0.01 

o.oa 

31. 

0.26 

0.15 

-, 

- 

- 

- 

- 

0.14 

0.06 

0.08 

Tot 

all. 

3.88 

8.67 

2.53 

3.28 

4.05 

4.78 

4.33 

3.11 

4.06 

5.40 

*  Preeipiiation  loelnded  in  that  of  following  day. 
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Flow  of  Streams. 

The  unusually  large  flow  of  the  streams  during  the  two  years 
under  consideration  has  already  been  referred  to,  while  discussing 
the  rainfall.  For  the  eastern  portion  of  the  State  a  more  accurate 
determination  of  the  departure  from  the  normal  flow  may  be  obtained 
from  the  records  of  the,  flow  of  Sudbury  River,  published  in  the 
reports  of  the  Boston  Water  Board.  The  records  would  in  some 
years  be  applicable  to  the  whole  State,  but  in  the  summer  of  1887 
are  not  at  a41  so,  as  the  rainfall  was  then  very  unequally  distributed, 
being  much  higher  in  the  western  portion. 

The  drainage  area  from  which  the  flow  was  measured  is  75.2 
square  miles.  Within  this  area  the  city  of  Boston  has  five  reser- 
voirs, which,  when  full,  have  an  aggregate  area  of  1.38  square 
miles.  In  estimating  the  flow,  due  allowance  is  made  for  varia- 
tions in  the  height  of  the  water  in  these  reservoirs,  so  that  the 
records  indicate  the  natural  flow  of  the  stream,  modified  only  by  the 
storage  in  such  reservoirs  and  mill  ponds  as  are  not  controlled  by 
Boston. 

The  city  reservoirs  cause  the  flow  to  be  smaller  than  it  otherwise 
would  be  during  the  summer  months  whenever  the  evaporation  ex- 
ceeds the  rainfall ;  that  is  to  say,  in  all  summer  months  of  low  rain- 
fall. The  normal  flow  given  in  the  following  table  is  the  average  of 
eleven  years,  from  1879  to  1889  inclusive,  during  which  time  the 
area  of  evaporating  surfaces  has  been  approximately  constant.  The 
departures  from  the  normal  are  given  in  bold-faced  type  :  — 


T<»ble  shomng  flow  of  Sudbury  River  from  JunCy  1887 ^  to  May^  188 9 ^  inclusive^ 
in  cubic  feet  per  second  per  square  mile  of  drainage  area,  also  departures 
from  the  normal  flow. 


MONTH. 

1 

1 

i 

^1 

i 

r 

!i 

Jane 

0.7M 

0.631 

-0.103 

0.644 

-0.090 

July,    .       .        . 

0.298 

0.180 

-0.118 

0.185 

-0.113 

August, 

0.480 

0.338 

-0.151 

0.699 

-0.110 

September, . 

0.442 

0.169 

-o.xrs 

1.763 

-1.321 

October, 

0.602 

0.300 

-0.382 

3.163 

-2.481 

November, . 

1.154 

0.562 

4.200 

-3.055 

I>ecember,  . 

1.672 

1.014 

— 0 • 558 

4.799 

-3.227 

January,     . 

1.996 

1.660 

—0,338 

4.388 

-2.892 

Febraary,    . 

8.067 

2.878 

-0.189 

1.708 

— 1 .364 

March,        .       . 

3.873 

6.106 

-1.233 

2.111 

— 1 ,702 

April,  . 

2.061 

4.087 

--i.or8 

2.152 

— 0.809 

Miy 

1.639 

2.574 

+0.935 

1.387 

-0.252 

ToUl,   . 

• 

18.917 

19.440 

+0.532 

27.093 

-H.ue 
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The  fluctuations  in  the  flow  of  the  streams  during  the  two  years 
from  June,  1887,  to  May,  1889,  inclusive,  are  illustrated  by  two 
tables  and  a  diagram,  which  follow. 

The  first  table  shows  the  average  monthly  flow  in  cubic  feet  per 
second  per  square  mile  of  drainage  area  of  all  streams  measured. 
The  flow  of  the  Sudbury  and  Merrimack  is  the  rate  for  the  whole 
day ;  that  of  other  streams,  the  rate  during  working  hours. 


Table  shovnng  the  average  monthly  flow  of  rivers  in  MassachuseUs,  if  cubic  feet  per 
second  per  square  mile  of  drainage  area,  from  June,  1887,  to  May,  1889.* 


} 

ll 

if 
1" 

I* 

8* 

1 

a 

• 

^1 

1 

s! 

s 

£ 

si 

s5 

18S7. 

June,       .... 

1 
0.63  ,  2.00 

„ 

_ 

« 

_ 

« 

_ 

_ 

1 

-    1      - 

_ 

July 

0.18     1.62 

- 

- 

- 

- 

- 

- 

- 

-    1      - 

- 

August,  .... 

0.34 

2.06 

- 

- 

- 

- 

- 

- 

- 

_ 

- 

September,     . 

0.17 

1.08 

- 

- 

- 

- 

- 

- 

- 

October 

0.30 

0.76 

1.41 

1.62 

1.86 

0.48 

0.59 

0.90 

1.10 

0.27 

1.15 

1.16 

November, 

0.56 

1.05 

1.23 

1.43 

1.86 

0.62 

1.03 

1.05 

1.26 

0.41 

1.38 

1.12 

Deoember, 

1.01 

1.63 

1.63 

1.76 

1.50 

0.96 

1.29 

1.41 

1.45 

0.68 

1.63 

1.13 

1«98. 

January, 

1.66 

2.12 

2.84 

3.21 

2.34 

1.46 

2.20 

1.80 

_ 

1.24 

1.47 

. 

February, 

2.88 

2.76 

3.48 

4.07 

- 

1.9S 

2.95 

2.62 

- 

1.95     2.13 

- 

March 

5.11 

3.04 

5.24 

3.96 

4.29 

3.46 

4.39 

8.11 

- 

3.22 

2.64 

- 

April 

4.04 

6.00 

4.18 

3.91 

4.09 

3.28 

4.11 

4.66 

- 

2.87 

4.06 

- 

May 

2.57 

5.10 

2.76 

3.09 

2.22 

2.12 

3.23 

2.35 

- 

1.78 

2.30 

- 

June,       .... 

0.64 

1.40 

1.98 

1.92 

1.40 

0.84 

1.62 

1.13 

- 

0.83 

1.32 

- 

July,        .       .        .        .* 

0.18 

0.53 

1.18 

1.25 

1.27 

0.23 

0.55 

0.77 

- 

0.36  !  1.2S 

- 

August 

0.60 

0.57 

1.14 

1.89 

1.23 

0.46 

0.86 

0.80 

- 

0.38 

1.33 

- 

September,      . 

1.76 

1.60 

1.62 

1.84 

1.55 

1.00 

1.65 

1.99 

- 

0.77 

2.33 

- 

October 

3.15 

2.95 

3.02 

2.54 

2.46 

2.13 

3.24 

- 

- 

1.81 

4.82 

- 

November, 

4.21 

3.24 

4.09 

4.03 

3.60 

2.58 

3.23 

- 

- 

2.36 

- 

- 

December, 

4.80 

3.60 

6.32 

- 

5.67 

4.73 

4.75 

- 

- 

4.35 

3.94 

- 

1889. 

January, 

4.39 

2.94 

_ 

- 

- 

- 

- 

_ 

- 

- 

- 

. 

February, 

1.70 

1.55 

- 

- 

- 

- 

- 

- 

-    ' 

- 

- 

- 

March 

2.11 

2.64 

- 

- 

- 

- 

- 

- 

-    1 

- 

_ 

- 

April 

2.15 

2.67 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

May 

1.39 

1.64 

- 

- 

- 

- 

- 

- 

-  1 

- 

- 

- 

*  For  the  Rudbury  and  Merrimack  Rivers  the  rat»  for  the  whole  day  Is  given;  In  other  < 
rate  during  working  hours. 
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The  diagram  represents  graphically  the  facts  presented  in  the 
above  table,  except  that,  to  avoid  confusion  of  lines,  the  average  flow 
of  all  streams  excepting  the  Sudbury  and  Merrimack  is  given. 


DfA&RAM  OF  Flow  or  Rivers. 
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The  second  table,  given  below,  shows  in  greater  detail  than 
the  other  the  fluctuations  in  the  flow  of  the  two  streams  most  care- 
fully measured;  namely,  the  Sudbury  and  the  Merrinaack.  The 
great  difference  between  the  flow  per  square  mile  of  these  two 
streams  during  the  summer  of  1887  is  mainly  due  to  the  much  larger 
rainfall  upon  the  watershed  of  the  latter. 

Table  shotvtng  the  average  weekly  flow  of  the  Sudbury  and  Merrimack  rivers, 
in  cubic  feet  per  second  per  square  mile,  from  June,  1887,  to  May,  1889, 
inclusive. 


Wbek  Ending 

Sudbmy 
Kiver. 

Merrimack 
Klver. 

Week  Exdivo 

Sudbaiy 
lliver. 

Cu.  ft.  per  sec 
per  sq.  mUe. 

Merrimack 
Kiver. 

SUXDAT. 

Cn.  ft.  per  sec. 
ptT  sq.  mile. 

Cu.  ft.  per  8CC. 
per  BQ.  miJc. 

SU:*DAT. 

Cu.  ft.  per  sec. 
per  sq.  mile. 

1M7, 

Jane    6,     .       .        . 

1.4M 

1SS7— Con. 
Aug.    7,     .        .        . 

0.222 

1.701 

12. 

0.722 

1.027 

14. 

0.152 

1.322 

18. 

0.278 

0.943 

21. 

0.276 

1.617 

26. 

0.400 

2.312 

28, 

0.665 

3.556 

July     8, 

0.132 

1.851 

Sept.   4, 

0.140 

1.793 

10, 

0.088 

0.992 

11, 

0.208 

1.228 

17. 

0.084 

1.047 

18. 

0.218 

1.101 

24,     . 

0.317 

0.807 

25, 

0.123 

0.768 

81, 

0.263 

3.853 

Oct.     2, 

0.206 

0.570 
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Table  shotoing  the  averctge  weekly  flow  of  the  Sudbury  and  Merrimack  rivers^ 
in  cubic  feet  per  second  per  square  milCy  from  June^  1887^  to  May^  1889^ 
inclusive — Concluded. 


WKSK  EXDI50 

Sadbury 
River. 

Merrimack 
Klver. 

Wbkk  E2(DIK0 

Sadbary 
Kiver. 

Merrimack 
Ki%er. 

BVffVXT. 

Co.  ft.  per  »ec. 
per  tq.  mile. 

Ca.  ft.  per  wc. 
per  sq.  milo. 

SUXDAT. 

Cu.  ft.  per  «jc 
per  tq.  miie. 

Cu.  ft.  per  MC 
per  tq.  mile. 

l«»7-Con. 
Oct.     0,     .        .        . 

0.152 

0.921 

ISM -Con. 
Aug.    5,     .        .        . 

0.101 

0.414 

Ifl.     .        . 

0.206 

0.711 

12.     .        . 

0.288 

0.431 

23.     . 

0.455 

0.630 

19,     .        . 

0.646 

0.768 

30,     . 

0.354 

0.815 

26,     .        . 

1.300 

0.634 

Not.    e,     . 

0.281 

0.540 

Sept.    2,     .        . 

0.399 

0.496 

13.     .       . 

0.422 

0.558 

9,     . 

0.448 

0.488 

20.     .       . 

.    0.837 

.1.303 

16,     . 

0.726 

0.712 

27.     . 

0.650 

1.304 

23,     . 

2.349 

2.290 

Dec.    4,     . 

0.578 

1.499 

SO,     .        . 

4.041 

3.677 

11.     . 

0.755 

1.257 

Oct.     7,     . 

3.226 

2.674 

18,     . 

1.1S6 

2.307 

14,     . 

3.687 

3.367 

25.     . 

0.071 

1.285 

21,     . 

2.584 

2.688 

IMS. 

Jan.     1.     . 

2.142 

1.420 

28,     . 
Nov.    4.     . 

8.030 
2.386 

2.790 
3.024 

8.     . 

8.164 

2.391 

11.     . 

2.845 

2.461 

16.     . 

1.162 

1.741 

18,     . 

8.711 

3.608 

22.     . 

0.026 

2.333 

25.     . 

2.777 

2.S03 

29,     . 

0.819 

2.092 

Deo.    2.     . 

9.221 

4.078 

Feb.     5,     . 

0.891 

1.918 

9,     . 

2.989 

8.120 

12.     . 

1.241 

2.051 

16.     . 

2.987 

2.085 

19.     . 

1.014 

1.907 

23.     . 

9.120 

5.3S3 

28,     . 

7.954 

4.125 

80.     .        . 

3.820 

3.361 

Mar.    4,     . 
11.     . 

2.714 
1.348 

8.841 
1.986 

18M. 

Jan.     6.     . 

8.482 

2.553 

18,     . 

1.652 

1.768 

13,     . 

7.162 

4.125 

25.     . 

10.515 

3.563 

20,     . 

3.813 

3.260 

Apr.    1.     . 

8.567 

5.295 

27,     . 

3.048 

2.320- 

8,     . 

6.618 

6.899 

Feb.    3,     . 

2.961 

1.976 

15,     . 

4.576 

6.074 

10,     . 

1.826 

1.68% 

22,-    . 

8.028 

6.384 

17,     . 

1.495 

1.470 

29,     . 

2.117 

5.218 

24,     . 

2.435 

1.595 

May     6,     . 

1.627 

7.377 

Mar.    3.     . 

1.240 

1.119 

13.     . 

2.932 

6.546 

10,     . 

8.555 

3.333 

20,     . 

3.718 

6.278 

17,     . 

1.768 

2.519 

27.     . 

1.827 

2.979 

24,     . 

1.789 

2.726 

Jane    3.     . 

1.924 

2.768 

31.     . 

1.488 

2.701 

10,     . 

0.749 

1.725 

Apr.    7,     . 

8.005 

2.053 

17.     . 

0.623 

1.138 

14.     . 

1.701 

2.726 

24,     . 

0.409 

0.871 

21.     . 

1.667 

2.474 

July    1,     . 

0.457 

1.157 

23,     . 

2.165 

2.434 

8,     . 

0.278 

0.682 

May     5,     . 

1.805 

2.861 

15.     . 

0.109 

0.484 

12.     . 

1.007 

1.483 

22,     . 

0.191 

0.506 

19,     . 

0.615 

1.161 

29.     . 

0.116 

0.450 

28,     . 

2.108 

1.858 
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Temperature  of  Air. 

The  temperature  of  the  air  during  the  year  beginning  June  1, 
1887,  was  lower  than  the  normal  every  month  except  July  and 
December.  January  was  very  cold,  and  thick  ice  formed  upon  the 
ponds  and  rivers.  The  average  temperature  for  the  whole  year  was 
1.6  degrees  Fahrenheit,  below  the  normal.  The  second  year, 
although  the  temperature  averaged  0.8  of  a  degree  above  the  nor- 
mal, was  characterized  by  an  unusually  cool  summer  and  autumn 
and  by  a  warm  winter.  February  was  the  only  cold  month,  and 
ice  then  formed  to  a  thickness  of  from  eight  to  twelve  inches. 

The  departures  from  the  normal  are  given  in  detail  in  the  follow- 
ing table,  compiled  from  the  Bulletin  of  the  New  England  Meteoro- 
logical Society :  — 


£ 


Ifonnal  temperature,  .  66.0 
Jane,  1887,  to  May,  1888,  66.1 
Exceee  or  deflolency,  .  —0.9 
Jane,  1888,  to  May,  1880,  66.3 
EzcM*  or  deficiency,      .  +0.8 


71.4 
78.7 
+t.3 
67.4 
--4.0 


68.6 
66.3 
-2.8 
68.1 
-0.5 


60.8 
67.8 

-8.0 
67.6 

-8.2 


60.1 
48.7 
-1.4 
46.3 
-4.8 


80.0 
88.8 

-0.2 
41.0 

+2.0 


28.6 
20.0 


24.1 
16.8 


+1.4-7.8 


81.7 


32.2 


+3.2+8.1. 


26.8 
25.7 
-0.1 
23.1 
-2.7 


82.2 
20.4 
-2.8 
86.6 

+4.8 


43.0 
41.6 

-2.3 
47.2 

+3.3 


66.3 
64.0 

-2.3 
60.6 

+3.2 


47.2 
45.6 

-1.8 
48.0 

+0.8 


Temperature  of  Water. 

The  temperature  of  water  is  of  much  more  importance  than  that 
of  the  air,  because  it  influences  directly  the  growth  and  decay  of 
organisms  which  cause  bad  tastes  and  odors.  It  also  has  a  marked 
effect  upon  the  waters  of  deep  ponds,  at  one  season  of  the  year 
preventing,  and  at  another  promoting,  the  circulation  between 
layers  of  water  at  different  depths. 

In  view  of  the  importance  of  this  subject,  arrangements  were 
made  for  obtaining  daily  records  of  the  temperature  of  many  of 
the  water  supplies  of  the  State.  From  these  records,  and  others 
kept  in  previous  years  on  the  Boston  Water  Works  and  at  Spring- 
field, certain  important  conclusions  may  be  drawn. 

The  mean  annual  temperature  of  surface  and  ground  waters  is 
nearly  the  same  ;  but  the  former  becomes  warm  and  cold  at  different 
seasons  of  the  year,  like  the  atmosphere,  while  the  temperature  of 
the  latter  is  nearly  constant  at  all  times.  It  is  therefore  necessary 
to  consider  these  two  classes  of  water  separately. 
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Temperature  of  Surface  Waters. 

Ponds  and  lieservoirs.  —  The  temperature  of  water  stored   in 

ponds  and   reservoirs,   when  taken  near  the  surface,  is  nearly  ihe 

same  in  all  parts  of  the  State,  and  is  independent  of  the  depth 

except  when  the  water  is  unusually  shallow.     These  features  are 


illustrated  by  the  following  table. 


Table  showing  Comparative   Temperatures  of 

Ponds  and 

i 

BosTosi  Watbr 

WoRKi«. 

I 

wokcbatks 
Watkr  Wokks. 

1 

1 

'i 
V 

h 

o 

1% 

w 

t 

1^ 

Maximum  depth,    . 

28  ft. 

24  tt. 

21ft. 

46  ft. 

24  ft. 

- 

37.4  ft. 

48  ft. 

- 

47  ft. 

Average  depth, 

u.2n 

16  ft. 

13  ft. 

26  ft.  , 

13.7  ft. 

14.6  ft. 

14.8  ft. 

- 

- 

- 

1M7 

Jane, 

67.7 

-1.7 

+1.6 

-1.2 

+0.2 

-0.8 

—1.9 

-^.2 

_ 

_ 

July,         .       . 

75.8 

—1.3 

+1.7 

+1.1 

—0.3 

0.0 

—2.1 

+0.1 

- 

+2.1 

August,    . 

74.1 

—0.5 

+0.4 

—1.3 

0.0 

-1.8 

—3.3 

-0.8 

-1.9 

—0.2 

September, 

85.4 

-fO.7 

—0.6 

+0.6 

—0.3 

—2.1 

—1.7 

—0.5 

—0.6 

+0.5 

October,  . 

55.2 

+0.6 

-0.5 

+0.8  1 

0.0 

—1.8 

—0.9 

+0.4 

+1.8 

+1.1 

NoTcmber, 

42.8 

+0.8 

—0.8 

+1.4 

—0.1 

-2.6 

—1.8 

- 

+2.2 

- 

December, 

86.6 

+0.6 

—0.9 

- 

+0.2 

-2.8 

-2.7 

- 

—0.8 

- 

1A88 
January,  . 

35.8 

+0.7 

—2.4 

« 

+1.7 

—1.8 

—1.8 

-0.7 

—0.6 

—1.8 

February, 

35.8 

+0.4 

—2.5 

- 

+2.1 

—1.8 

-1.5 

—0.8 

—1.1 

- 

March.      . 

37.1 

—0.2 

—2.8 

- 

+2.9 

-3.0 

—1.8 

-1.6 

+0.5 

—2.7 

April, 

42.0 

+0.7 

—1.0 

-     ; 

+0.2 

-4.8 

—3.6 

—1.5 

+2.5 

—0.8 

May,         .       . 

55.6 

—1.3 

+0.8 

"* 

+0.5 

—0.5 

—1.1 

—4.1 

-0.7 

- 

June, 

60.3 

—1.9 

+3.1 

—0.8  1 

-1.2 

+0.9 

+0.3 

—7.2 

—1.6 

- 

July, 

71.8 

—0.7 

+0.9 

-0.1, 

—0.1 

4^.5 

-1.4 

-2.1 

-1.0 

• 

August,    . 

72.8 

—0.6 

0.0 

-1.4' 

+0.5 

4^.4 

—2.4 

—2.2 

+1.3 

- 

September, 

66.5 

—0.2 

—0.6 

—0.9 

+0.7 

—2.1 

+3.5 

-1.2 

+0.2 

- 

October,  . 

51.6 

+0.6 

—1.1 

+0.7 

+0.8 

—2.8 

—4.2 

+0.8 

+1.1 

- 

jSovember, 

45.0 

+1.1 

—0.6 

+1.0 

—0.4 

-    , 

- 

- 

+0.8 

- 

December, 

85.7 

+0.0 

—1.3 

+0.1 ; 

+0.5 

- 

- 

- 

+2.5 

- 

1880 

January,  . 

35.7 

+1.3 

—1.6 

_ 

+0.4 

_ 

- 

- 

+0.1 

.. 

February, 

36.2 

+0.7 

—0.7 

0.0 

0.0 

- 

- 

- 

+1.4 

- 

March,      . 

88.4 

+0.1 

-1.2 

- 

+1.0 

- 

__ 

—1.9 

+1.9 

- 

April, 

47.3 

0.0 

+0.4 

—0.9 

—0.3 

- 

- 

—2.4 

- 

- 

May,         .        . 

C3.1 

—2.5 

+2.8 

-H..6| 

—0.2 

1     - 

- 

—7.1 

- 

♦  Temperatures  taken  at  the  pumping  station. 

t  Water  Is  drawn  from  Birch  and  Breed's  ponds,  also  from  the  oonal  fed  by  Hawkea  and  Penny 
brooks. 
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The  first  column,  used  as  a  standard,  contains  an  average  of  tem- 
peratures recorded  at  three  reservoirs ;  namely,  the  Ludlow  Reser- 
voir of  the  Springfield  Water  Works,  and  Reservoir  No.  3  and 
the  Brookline  Reservoir  of  the  Boston  Water  Works ;  the  other 
columns  show  departures  from  this  standard,  -{•  indicating  a  higher 
temperature,  and  —  a  lower  one. 


Reservoirs  in  Massachusetts,  from  June,  1887,  to 

May 

1889. 

Ij 

1. 

il 

1 

1 

i 

ii*- 

g** 

P 

1^ 

St 

^ 

CO 

|i 

1 

Kftximam  depth, 

33  ft. 

_ 

26  ft. 

_ 

46  ft. 

20  ft. 

16  ft. 

67  ft. 

. 

« 

ATerage  depth,  . 

- 

- 

13  ft. 

abt.lSft. 

20  ft. 

- 

- 

27  ft. 

- 

- 

1M7. 

• 

June.    .        . 

. 

- 

- 

+3.2 

- 

- 

- 

- 

- 

- 

0.0 

Jnly,    . 

—1.8 

- 

+4.0 

+1.0 

- 

- 

+1.6 

- 

- 

+0.6 

August, 

-0.2 

+0.6 

+1.0 

—0.6 

-2.6 

+2.3 

—2.1 

-0.8 

- 

-0.7 

September, . 

-H.6 

+).l 

+1.6 

—0.2 

—6.8 

—1.6 

—1.7 

+0.7 

- 

—0.6 

October,      . 

+1.6 

+1.3 

- 

+0.9 

—3.6 

+2.7 

+1.7 

- 

- 

+0.4 

November,  . 

+3.0 

+1-4 

- 

+0.7 

—0.9 

+3.1 

+5.0 

- 

- 

+0.9 

December,  . 

+1.0 

—1.6 

- 

+2.6 

+1.6 

+3.0 

+4.4 

- 

- 

+0.4 

ISM. 

January »     . 

+1.2 

-3.2 

- 

+0.2 

- 

—1.8 

—1.1 

- 

- 

-0.9 

February,    . 

+1.2 

-3.7 

+0.6 

+0.2 

- 

- 

+1.9 

- 

- 

-0.4 

March, 

+0.7 

—1.0 

+0.8 

0.0 

+1.8 

+0.9 

- 

- 

-0.4 

April,  . 

-1.2 

+2.2 

-^.7 

+1.8 

- 

+6.0 

-H.« 

- 

+3.5 

+0.6 

May,    .        . 

—2.6 

+4.2 

-8.8 

—1.9 

- 

+6.5 

+0.4 

- 

-4.9 

-0.6 

Jone,   . 

—1.3 

+5.2 

- 

- 

- 

+T.2 

—2.0 

- 

+).7 

-0.1 

July,    .       . 

+0.6 

+2.9 

- 

- 

- 

+4.2 

- 

- 

- 

+0.3 

Auguat, 

-1.0 

+2.4 

- 

- 

- 

+3.1 

- 

- 

-1.9 

-0.1 

September, . 

—1.4 

- 

- 

- 

- 

+1.9 

- 

- 

—0.8 

—0.1 

October, 

+0.4 

- 

- 

- 

- 

- 

- 

- 

-3.6 

-0.8 

November,  . 

+1.6 

- 

- 

.    - 

- 

- 

- 

- 

- 

+0.6 

December,  . 

-0.8 

- 

- 

- 

- 

- 

- 

- 

- 

+0.8 

198«. 

January, 

—2.5 

- 

. 

- 

- 

- 

- 

- 

- 

-0.5 

February,    . 

—3.9 

- 

- 

- 

- 

- 

- 

- 

- 

-0.4 

March, 

0.0 

- 

- 

- 

- 

- 

- 

. 

- 

0.0 

April,  .        . 

+2.6 

- 

- 

- 

- 

- 

- 

- 

- 

-0.1 

May,    .        . 

-K.8 

• 

*" 

- 

- 

- 

- 

- 

- 

-0.5 

*  Temperature!  taken  at  the  pumping  atation. 
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By  examining  the  table,  it  will  be  observed  that  there  are  a  few- 
exceptions  to  the  rule  above  stated.  This  may  be  due,  in  some 
instances,  to  taking  the  temperature  too  near  the  surface,  where  the 
water  is  warmer  in  the  summer  and  colder  in  the  winter ;  and  in 
other  cases  to  the  situation  of  the  pond,  and  possibly  to  its  depth. 

There  is  no  doubt  that  the  water  in  very  shallow  ponds  may 
be  much  warmer  than  in  deeper  ones.  As  an  instance  of  this, 
the  water  of  Pilling's  Pond,  in  Lynnfield,  which  has  an  area  of  about 
85  acres  and  a  depth  of  but  4  feet,  was  found,  by  observations  on 
five  days  in  July  and  August,  1889,  to  range  from  3  to  6  degrees 
warmer  than  the  water  of  ordinary  ponds.  On  the  other  hand,  the 
water  of  this  pond  on  the  23d  of  September  was  3  degrees  colder 
than  that  of  other  ponds ;  showing,  as  might  be  expected,  that  a 
very  shallow  pond  cools  off  more  rapidly  than  a  deep  one.  As  an 
example  of  the  very  high  temperature  which  water  may  attain  in 
summer,  it  may  be  stated  that,  in  a  small  and  generally  shallow 
reservoir  at  Wayland,  on  a  sunny  day  at  the  end  of  June,  1889,  the 
temperature  of  the  water  at  the  surfsice  was  86  degrees,  and  two  feet 
below  the  surface,  81  degrees. 

Notwithstanding  these  exceptional  cases,  the  observations  as  a 
whole  furnish  an  important  addition  to  our  knowledge,  because  it  is 
now  possible  in  most  cases  to  deduce,  from  records  kept  regularly 
at  several  water  works,  the  temperature  of  other  waters  when  affected 
by  abnormal  growths  of  algse,  or  by  bad  tastes  and  odors.  In  this 
we  are  not  restricted  to  present  and  future  cases ;  but,  when  the 
dates  of  past  troubles  are  known,  the  temperatures  associated  with 
them  may  be  determined. 

The  temperature  of  surface  waters  does  not  vary  much  from  year 
to  year ;  therefore,  a  mean  curve  deduced  from  the  average  of  ob- 
servations for  a  long  period  will  represent  approximately  the  fluctu- 
ations which  occur  each  year.  A  curve  of  this  kind  and  a  table 
are  given  below,  to  each  of  which  has  been  added  the  normal 
temperature  of  the  air  in  Massachusetts,  as  obtained  from  the  Bulle- 
tin of  the  New  England  Meteorological  Society  for  1888.  This  is 
shown  on  the  diagram  by  a  dotted  line. 
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Table  showing  the  normal  temperature  of  water  in  ponds  and  reservoirs  in  Massa- 
chusetts, deduced  from  observations  at  three  reservoirs  for  about  ten  years;  also 
the  normal  temperature  of  the  air. 


i 

1 

e 

i 

i 

i 

•^ 

i 

1 
-< 

00 

1 
1 

{? 

1 

1 

Ludlow  Reservoir  (average  of 

BrookJine  Reservoir  (average 

35.0 

36.6 

87.9 

43.4 

67.5 

67.2 

73.3 

72.6 

66.6 

54.9 

43.4 

86.0 

52.1 

of  ten  years) 

Boston  W.  W.  Reservoir,  No. 

86.8 

36.4 

37.6 

44.8 

57.1 

66.7 

72.8 

72.8 

67.5 

56.5 

45.6 

37.8 

52.6 

3  (average  of  nine  years),     . 

33.2 

33.1 

34.7 

44.7 

58.6 

69.9 

74.9 

73.4 

66.7 

54.1 

43.2 

35.0 

51.8 

Mean  (normal),  . 

85.3 

35.3 

36.7 

44.3 

57.7 

67.9 

73.7 

72.9 

66.9 

55.2 

44.1 

-1 

52.2 

Normal  temperature  of  air,      . 

24.1 

25.8 

32.2 

43.9 

56.3 

66.0 

71.4 

68.6 

60.8 

60.1 

39.0 

23.5 

47.2 

A  comparison  of  the  two  curves  presents  some  interesting  features. 
It  will  be  noticed  first  that  the  water  is  always  as  warm  as  or  warmer 
than  the  air.  The  reason  for  this  in  winter,  when  the  diSerenco  is 
greatest,  is  obvious,  as  the  temperature  of  the  air  at  this  time  sinks 
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far  below  the  freezing  point,  and  the  water  is  protected  from  the 
cold  by  a  covering  of  ice.  From  the  beginning  of  the  spring  until 
midsummer  the  differences  between  the  temperatures  of  the  air  and 
water  is  small ;  but  it  is  noticeable  that  the  temperature  of  the  water 
is  always  as  high  or  higher  than  that  of  the  air.  After  midsummer 
until  winter  the  water  is  about  five  degrees  warmer  than  the  air. 

The  reason  for  this  excess  of  temperature  in  summer  is  not  as 
apparent  as  in  winter,  but  may  be  explained  by  the  daily  range  of 
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temperature  of  the  air,  which  is  warmer  during  portions  of  the  day 
than  the  water.  At  these  times  the  temperature  of  the  water  is 
increased  by  an  amount  which  is  greater  than  the  loss  during  other 
portions  of  the  day.  The  sun  also  tends  to  warm  the  water,  irre- 
spective of  the  temperature  of  the  air. 

The  departure  from  the  normal  temperature  of  the  water  during 
the  two  years  beginning  June  1,  1887,  is  indicated  by  the  following 
table,  in  which  the  average  monthly  temperatures  of  Brookline  and 
Ludlow  reservoirs  during  these  years  are  compared  with  the  mean 
of  ten  years'  observations  at  the  same  places.  As  a  rule,  the 
departures  are  small,  and  they  correspond  generally  to  the 
departures  in  temperature  of  the  air  already  given. 


1 

i 

1 

1 

1 

& 

1 

1 

1 

'Z 

J 

t 

< 

i 

i 

Average  temperature  for  ten 
years, 

66.9 

73.0 

72.7 

67.0 

55.7 

44.5 

36.6 

36.3 

36.4 

37. T 

44.1 

67.3    52.8 

June,  1887,  to  May.  1S8S, . 

66.9 

75-0 

78.8 

65.6 

55.5 

42.6  87.0 

37.0 

37.0 

38.4 

42.4 

65.2 

52.2 

Excess  or  deficiency. 

0.0 

■H.O 

-hl.l 

-1.4 

-0.2 

-1.9+0.4 

+0.7 

-Hl.8-1-0.7 

-1.7 

-2.1-0.1 

Jane,  1888.  to  May,  1889, . 

67.7 

71.4 

72.8 

66.7 

52.2 

45.4  36.4 

36.6 

36.6  38.9 

47.2 

61.8    52.8 

Bxoess  or  deficiency, 

-1-0.8 

-1.6 

+0.1 

-0.3-3.5 

-1-0.9-0.2+^1.3 

-1-0.2+1,2+3.1 

-K.S'+O.S 

ll 

Allusion  has  already  been  made  to  differences  in  the  temperature 
of  different  layers  of  water  in  deep  ponds,  whereby  vertical  currents 
are  prevented  or  promoted.  In  view  of  the  importance  of  this 
circulation  or  non-circulation  upon  the  quality  of  the  water,  an 
extended  series  of  physical,  chemical  and  microscopical  examina- 
tions of  Jamaica  Pond,  Boston,  have  been  made.  Reference  will  be 
made  here  only  to  the  temperature  and  its  effect  upon  circulation, 
the  discussion  of  other  features  being  given  subsequently. 

Jamaica  Pond  has  an  area  of  69  acres,  a  maximum  depth  of  57 
feet,  and  an  average  depth  of  27  feet.  Its  outline  and  contours  of 
the  bottom  are  shown  by  the  following  sketch  :  — 
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The  temperatures  were  taken  in  the  deepest  portion  of  the  pond 
at  six  depths;  namely,  at  1,  10,  20,  30,  40  and  50  feet  below  the 
surface.  The  observations  were  begun  July  25,  1889,  and  have 
been  continued  for  more  than  a  year.  The  results  are  indicated 
upon  the  following  diagram,  on  which  is  also  shown,  by  a  dotted 
line,  the  noimal  surface  temperature  of  water  in  ponds  and  reservoirs. 
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When  the  first  observations  were  made,  the  tempera tui^e  at  a 
depth  of  one  foot,  which  for  convenience  will  be  called  the  surface 
temperature,  was  74  degrees,  corresponding  to  that  of  other  and 
shallower  ponds,  while  the  temperature  at  the  bottom  was  42 
degrees ;  that  is,  32  degrees  colder  than  at  the  surface,  and  only 
10  degrees  above  the  freezing  point.  The  temperature  10  feet 
below  the  surface  corresponded  quite  nearly  with  that  at  the 
surface,  while  at  all  other  depths  the  water  was  much  colder,  and 
consequently  more  dense.  The  temperatures  at  the  three  lower 
depths  remained  constant  during  the  warm  weather,  showing  that 
no  appreciable  amount  of  heat  was  transmitted  from  the  upper 
layei-s,  and  that  there  was  no  interchange  of  water  from  the  surface 
to  the  bottom.  It  is  obvious  that  the  wind  produces  currents  at 
the  surface  of  a  pond  which  must  be  accompanied  by  return  currents 
beneath  the  surface ;  and  if  the  water  is  of  uniform  density  at  all 
depths,  the  circulation  produced  in  this  way  will  extend  to  the  bottom ; 
but  if  the  lower  layers  are  more  dense  the  return  currents  will  affect 
the  water  only  to  a  limited  depth.  In  the  present  case  the  low  and 
generally  constant  temperature  in  summer  at  a  depth  of  20  feet 
makes  it  evident  that  they  rarely  extended  to  this  depth.  It  will 
therefore  be  seen  that  the  water  at  and  below  this  depth  was  inac- 
cessible to  the  air,  and  stagnant  throughout  the  warmer  month.%. 

As  the  season  advanced  and  the  weather  grew  colder,  the  tem- 
perature of  the  surface  water  diminished,  with  a  consequent  increase 
in  density,  thereby  establishing  vertical  currents  down  to  the  depth 
where  a  corresponding  temperature  was  reached.  This  action 
would,  in  the  absence  of  any  other  cause,  have  established  circulation 
to  continually  increasing  depths,  reaching  the  bottom  by  the  end  of 
November.  The  mingling,  however,  at  each  of  the  depths,  was 
hastened  by  the  action  of  the  wind,  this  effect  being  particularly 
noticeable  at  a  depth  of  20  feet,  where  the  mingling  occurred  two 
weeks  earlier  than  it  otherwise  would,  and  raised  the  temperature 
of  the  water  at  this  depth  9  degrees  higher  than  it  was  in  the  sum- 
mer. November  and  December  of  this  year  were  unusually  warm, 
so  that  the  whole  of  the  water  in  the  pond  was  not  in  circulation 
until  nearly  two  weeks  later  than  on  an  ordinary  year.  When 
circulation  was  fully  established  the  temperature  at  all  depths  was 
44  degrees. 

The  changes  which  occur  after  this  in  any  deep  pond  are  as 
follows.      The  cooling  of  the  surface  water  promotes  circulation 
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until  39  degrees  —  the  temperature  at  which  water  acquires  its 
maximum  density  —  is  reached,  after  which  further  cooling  retards 
circulation.  It  does  not,  however,  prevent  it,  as  the  winds  at  this 
season  of  the  year  can  easily  overcome  the.  slight  difference  in 
density  occasioned  by  a  variation  of  a  few  degrees  in  this  part  of 
the  scale.  The  temperature  of  the  water  usually  remains  nearly 
constant  at  35  degrees  during  the  winter,  regardless  of  the  char- 
acter of  the  season,  a  cold  winter  furnishing  its  own  protection  by 
the  formation  of  ice.  In  the  spring,  after  the  ice  disappears,  cir- 
culation is  again  established  by  the  increase  in  temperature,  and 
continues  from  this  cause  until  the  temperature  of  maximum  density 
is  reached,  when  it  would  cease,  leaving  the  bottom  water  at  39 
degrees,  if  it  were  not  for  the  wind.  This  force  usually  con- 
tinues to  keep  the  water  in  circulation  until  a  somewhat  higher 
temperature  is  reached,  and  a  period  of  warm,  calm  weather  stops 
circulation  by  warming  the  surface  water  so  that  further  inter- 
change with  the  bottom  layers  is  prevented.  At  Jamaica  Pond  the 
bottom  water  was  left  with  a  temperature  of  42  degrees  in  1889, 
and  43  degrees  in  1890  ;  and  it  remained  stagnant,  without  exposure 
to  the  air,  for  seven  months. 

It  will  be  observed,  by  reference  to  the  diagram,  that  the  tem- 
perature at  a  depth  of  20  feet  rose  6  degrees  in  the  early  part  of 
June,  1890,  while  before  and  after  this  change  it  remained  constant. 
It  is  evident  that  the  wind  at  this  time  caused  the  water  to  circulate 
to  this  depth. 

The  observations  at  Jamaica  Pond,  where  the  average  depth  is 
unusually  largo,  and  there  is  no  shallow  flowage,  afford  another  illus- 
tration of  the  fact  that  the  surface  temperatures  in  summer  are 
affected  but  little,  if  at  all,  by  the  depth  of  a  pond,  unless  it  is  very 
shallow. 

All  of  the  observations  above  given  have  been  made  at  one  pond, 
and  it  may  be  questioned  to  what  extent  they  are  generally  applicable. 
At  a  larger  pond  or  lake  it  is  obvious  that  the  wind  would  have  a 
greater  effect,  and  that  circulation  would  take  place  to  a  greater 
depth  in  the  warmer  portion  of  the  year.  Other  things  being  equal, 
the  greater  the  depth  the  colder  the  bottom  layera  should  be.  With 
reservoirs  of  small  depth,  the  wind  will  cause  an  interchange  of 
water  from  the  surface  to  the  bottom,  thereby  producing  a  uniform 
temperature  at  all  depths.  The  depth  to  which  this  occurs  probably 
varies  from  15  to  25  feet  in  the  ponds  and  reservoirs  of  this  State, 
depending  both  upon  their  size  and  the  character  of  the  season. 
Observations  at  Reservoir  No.  3  of  the  Boston  Water  Works,  which 
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has  a  maximum  depth  of  21  feet,  have  on  some  years  shown  a  uni- 
form temperature  at  all  depths,  while  on  other  years  the  water  at 
the  bottom  has  been  8  or  10  degrees  colder  in  the  summer  than  at 
the  surface.  An  observation  at  the  Ludlow  Reservoir,  July  31, 
1889,  showed  a  uniform  temperature  to  a  depth  of  20  feet. 

The  following  table  shows  the  results  of  observations  of  the  tem- 
perature at  different  depths  in  six  ponds,  lakes  or  reservoirs,  made 
in  the  summer  of  1889.* 


Temperature  of 

Water  at  Different  Depths, 

Upper  Mystic 

Lake, 

Medford. 

Jamaica 

P.)!ld, 

Bofttou. 

Wenham 

Ukp, 
Wenham. 

Boston 

Water  Works 

Reservoir 

No.  4, 
Ashland. 

Waban 

Lake, 

Wellcslcy. 

Boston 

Watf  r  Works 

Keservoir 

No.  8, 

Framlngham. 

Date, 

Aag.23,1880. 

Aug.  21, 1880. 

July  24, 1889. 

Aug.  23. 1889. 

Aug.  27, 1889. 

Aug.  26, 1889. 

Area,        .       . 

200  acres. 

60  acres. 

820  acres. 

170  acres. 

146  acres. 

247  acres. 

Max.  depth,      . 

87  feet. 

57  feet. 

47  feet. 

46  feet. 

86  feet. 

21  feet. 

Avenge  depth, 

- 

27     " 

- 

26    •' 

- 

18    " 

1  foot,      .        . 

73.4  deg. 

74.1  deg. 

74.7  deg. 

73.0  deg. 

73.4  deg. 

71 .0  deg. 

10  feet. 

71.6    " 

70.7    " 

74.4    " 

- 

70.2    " 

- 

15    " 

68.9    " 

64.8    " 

74.3    " 

- 

66.6    «• 

- 

20    " 

68.3    " 

52.0    " 

69.0    •* 

- 

57.6    «• 

68.0    ** 

23    " 

59.8    " 

47.5    " 

81.5    " 

66.0    " 

63.8    " 

- 

26    " 

56.3    *' 

46.0    ** 

59.0    " 

- 

61.5    " 

- 

ao   " 

49.6    '« 

43.7    " 

58.0    " 

- 

48.6    " 

- 

35    •« 

46.4    «• 

48.0    " 

53.6    " 

- 

47.8    «• 

- 

40    " 

46.5    " 

42.8    " 

61.4    •• 

- 

- 

- 

45    " 

44.4    " 

42.4    " 

49.6    " 

53.0    " 

- 

- 

60    " 

42.8    " 

- 

- 

- 

. 

- 

82    *• 

42.8    " 

- 

- 

- 

' 

- 

It  will  be  observed,  by  referring  to  the  table,  that  the  temper- 
atures taken  at  1  and  10  feet  below  the  surface  of  the  different  bodies 
of  water  agree  quite  closely ;  while  at  greater  depths  there  are  large 
differences,  the  temperature  generally  increasing  with  the  area  of 
water  surface.  Reservoir  No.  4  is  to  some  extent  an  exception  to 
the  rule,  as  its  temperatures  below  the  surface  are  lower  than  at  cor- 
responding depths  in  the  Upper  Mystic  and  Wenham  lakes,  both  of 
which  are  larger. 

The  following  diagram  contains  temperature  curves  correspond- 
ing to  observations  at  three  of  the  places  mentioned  in  the  above 
table. 

*  The  flgures  in  bold-faced  type  are  not  actual  observations,  but  have  been  interpolated  to 
fteilitate  comparison. 
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Diagram  showing  Temperahires  at  Different  Depths  in  Jamaica  Pond  and  Mysiie 
and  Wenham  Lakes^  taken  in  July  and  August,  1889. 
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These  curves  agree  with  one  another  in  their  general  form,  although 
there  are  some  marked  differences  between  them.  Such  differences 
are  to  be  expected,  when  it  is  considered  that  their  form  and  posi- 
tion depend  upon  the  circulation  or  non-circulation  of  the  water  by 
the  wind,  while  the  temperature  is  increasing  in  the  spring. 

Rivers.  — The  temperature  of  water  in  rivers  varies  a  little  more 
during  the  year  than  that  of  ponds  and  reservoirs,  and,  owing  to  the 
movement  of  the  waler,  is  uniform  from  the  surface  to  the  bottom.  In 
the  winters,  when  the  rivers  are  covered  with  ice,  the  water  flowing  in 
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contact  with  it  reaches  the  freezing  point.  In  the  spring  this  water 
warms  up  somewhat  faster  than  the  pond  water,  and  in  the  autumn 
cools  more  rapidly.  Exceptions  to  these  general  rules  occur  in  the 
case  of  a  large  river  like  the  Merrimack,  where  much  of  the  water 
comes  from  north  of  the  State,  among  the  mountains,  where  the  air 
is  colder  and  the  snow  remains  longer  upon  the  ground  in  the  spring. 
The  following  table  gives  the  temperature  of  the  water  of  several 
rivers  in  the  State,  as  compared  with  the  standard  for  ponds  and 
reservoirs  previously  given. 


Temperature 

of  WoUer  in  Rivers. 

"S 

« 

« 

^ 

;: 

•1 

g^ 

1 

1^ 

s 

1^ 

ii 

< 

18S7. 

Jane 

87.7 

-1.3 

_ 

+4.0 

+4.8 

+1.9 

+3.4 

July.       .        . 

75.8 

-0.1 

+0.6 

+3.3 

+3.9 

+4.0 

+2.2 

+2.8 

Aagnst,  .        . 

74.1 

-3.2 

—2.0 

—0.7 

+0.9 

+2.8 

-1.5 

— O.l 

September,    . 

05.4 

—3.1 

—2.7 

—2.9 

—0.9 

+3.1 

-2.0 

-1.1 

October, 

65.2 

-2.9 

—0.8 

-1.1 

—1.2 

+1.5 

-1.1 

—0.5 

Kovember,     . 

42.3 

—2.6 

-0.5 

—0.9 

—1.7 

+:.9 

—2.2 

—0.5 

December,     . 

36.6 

—2.9 

—0.6 

-0.6 

—1.9 

+1.4 

—0.8 

—0.6 

IMS. 

Janoary, 

85.8 

—3.6 

—3.7 

_ 

_ 

_ 

-5.8 

-3.7 

February, 

35.8 

—3.4 

-3.6 

- 

- 

—3.4 

—3.8 

—.1.6 

Marcb,    . 

87.1 

—4.2 

-1.7 

-0.1 

- 

—0.2 

—4.0 

—1.6 

April,     .        . 

42.0 

—3.0 

+4.3 

+5.8 

- 

- 

+0.3 

+3.5 

May.       .        . 

65.6 

—4.4 

+2.4 

+5.6 

- 

- 

- 

+4.0 

June,      . 

69.3 

-0.9 

+1.4 

+3.2 

- 

- 

- 

+2.3 

July.    •.       . 

71.8 

0.0 

0.0 

+3.0 

- 

- 

- 

+1.6 

Auguat, . 

72.8 

—1.1 

-1.0 

- 

- 

- 

- 

-1.0 

September,    . 

66.6 

—2.8 

—2.8 

- 

- 

- 

- 

—2.8 

October, 

51.6 

-4.9 

—2.2 

- 

- 

- 

- 

—2.2 

November,     . 

45.0 

—3.7 

0.0 

- 

- 

- 

- 

0.0 

December,     . 

86.7 

—2.0 

-0.1 

- 

- 

- 

- 

-0.1 

1880. 

Jannary. 

35.7 

—2.1 

—0.1 

- 

_ 

^ 

_ 

-0.1 

February, 

86.2 

—3.8 

—3.9 

- 

- 

- 

- 

—3.9 

March,    .        . 

38.4 

—2.5 

+0.6 

- 

- 

- 

- 

+0.6 

April,     .        .       . 

47.8 

+0.2 

+2.7 

- 

- 

- 

+2.7 

May.       .        . 

68.1 

—0.8 

+0.7 

- 

- 

+0.7 

Temperature  of  Ground  Waters. 
The  following  table  contains  the  observed  temperatures  of  sixteen 
ground  waters  in  various  situations,  arranged  in  the  order  of  their 
temperatures  in  summer,  the  colder  waters   being  placed   on   the 
left  and  the  warmer  ones  on  the  right. 
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The  iSrst  thing  noticeable  in  examining  the  table  is  the  general 
uniformity  of  temperature  of  ground  waters.  In  many  instances 
the  range  of  temperature  during  the  year  is  but  three  or  four 
degrees,  while  surface  waters  have  an  average  range  of  38  degrees. 
Some  of  the  ground  waters,  given  in  the  table,  vary  much  more 
during  the  year  than  others ;  but  none  of  them  more  than  one-half 
as  much  as  surface  waters.  At  Waltham  and  Taunton  the  fluctua- 
tion is  due  wholly  or  in  part  to  the  exposure  of  the  water  to  the  air 
in  open  filter-basins.  In  Framingham  the  filter-gallery  is  separated 
from  Farm  Pond  by  only  a  few  feet  of  sand,  and  the  filtnition  of 
water  from  the  pond  influences  the  temperature  in  the  gallery. 
Some  of  the  other  large  fluctuations  may  be  due  to  a  similar  cause, 
although  filtration  does  not  necessarily  produce  them.  For  example, 
the  range  of  temperature  during  the  year  at  Woburn  is  but  3.9 
degrees,  notwithstanding  the  fact  that  the  supply  is  derived  mainly 
from  Horn  Pond  by  filtration.  In  this  case,  however,  there  are 
indications  that  much  of  the  water  requires  months  for  its  passage 
froip  the  pond  to  the  filter-gallery. 

The  average  annual  temperature  of  ground  water  at  eleven  places 
where  the  observations  were  continued  for  a  large  part  or  the  whole 
of  a  year  is  51.5  degrees. 

A  few  observations  of  the  temperature  of  public  ground  water 
supplies  not  included  in  the  table  are  as  follows :  — 

Bridgewater, 

Well  No.  1,  June  19, 1888, 61.2  degrees. 

Well  No.  2,  June  19, 1888, 62.2  degrees. 

Well  No.  1,  July  24, 1888, 63.0  degrees. 

Well  No.  2,  July  24, 1888, 63.6  degrees. 

Bevere, 

Well,  June  3, 1887, 61.0  degrees. 

Well,  June  28,  1888, 49.9  degrees. 

Well,  July  9, 1888, 60.6  degrees. 

SwampscotL 

Well,  March  23, 1888, 46.8  degrees. 

Well,  April  24, 1888, 48.0  degrees. 

Well,  May  23?  1888, 49.6  degrees. 

Temperature  of  Water  as  delivered  to  Consumers. 
In  the  foregoing  the  temperatures  of  surface  and  ground  waters 
at  the  sources  of  supply  have  been  considered.     It  is  obvious  that 
the  ground  waters  will  have  a  great  advantage  over  the  surface 
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waters  if  both  are  delivered  to  the  consumers  at  their  initial 
temperatures,  while  this  advantage  will  disappear  if  by  their  storage 
in  reservoirs  and  passage  through  pipes  they  acquire  an  equal 
temperature. 

Observations  were  made  at  Boston  during  the  year  1888  to 
determine  the  comparative  temperatures  of  a  surface  water  in  a  dis- 
tributing reservoir  and  as  drawn  from  taps.  One  point  of  observa- 
tion, which  for  convenience  will  be  called  Tap  No.  1,  was  in  the 
suburbs  five  miles  from  the  Brookline  Reservoir,  but  not  far  from  a 
84:-inch  main,  so  that  it  may  he  said  to  represent  a  place  where 
there  was  active  circulation  of  the  water.  The  other  point,  Tap 
No.  2,  was  two  miles  further  from  the  reservoir  and  near  the  end  of 
the  pipe  system  where  there  was  but  little  circulation.  The  results 
are  shown  upon  the  following  diagram. 

Diagram  showing  Comparative  Temperatures  of  Surface  Water  in  a  Reservoir 
and  as  Delivered  to  Consumers, 


The  diagram  shows  that  there  is  but  little  difference  between  the 
temperature  recorded  at  the  reservoir  and  at  Tap  No.  1,  the  water 
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at  the  latter  being  about  two  degrees  colder  in  the  spring  and 
summer  and  the  same  amount  warmer  in  the  autumn.  The  water  at 
Tap  No.  2  is  obviously  much  more  affected  by  the  temperature  of 
the  ground  through  which  the  pipes  pass,  and  in  the  summer  is 
about  eight  degrees  colder  than  the  reservoir  water. 

The  conclusion  to  be  drawn  from  these  observations  is  that  the 
temperature  of  water  at  a  tap  will  be  influenced  mainly  by  that  at 
the  source,  except  in  those  portions  of  the  system  where  the  circula- 
tion is  not  active. 

Xo  observations  have  been  made  to  determine  with  what  change 
of  temperature  ground  water  wmII  pass  from  the  source  to  the  con- 
sumers if  carried  directly  to  them  in  pipes.  It  is  probable,  how- 
ever, that  it  would  not  change  very  much. 

A  few  observations  have  been  made  to  indicate  the  effect  of  the 
storage  of  such  water  in  iron  tanks.  At  North  Attleborough,  on 
June  12,  1888,  water  drawn  from  the  tank  20  hours  after  pumping 
had  ceased  was  2  degrees  warmer  than  the  water  in  the  well.  At 
Swampscott  water  drawn  from  the  tank  was  3.8  degrees  colder  than 
that  in  the  well  on  March  23,  1888;  2  4  degrees  colder  April  24, 
and  2.6  degrees  warmer  May  23.  These  observations  do  not  indi- 
cate any  very  great  change  of  temperature  from  storage  in  tanks. 

When  gi'ound  water  is  stored  in  an  open  distributing  reservoir  the 

surface  becomes  warmed  in  summer,  as  shown  by  the  following 

observations :  — 

Bevere, 

Well,  July  9, 1888, 50.5  degrees. 

Reservoir,  July  9, 1888, 70.J 


Wobum. 

Filter-gallery,  June  5, 1888, 50.0  degrees. 

Reservoir,  June  5,  1888, 66.0  degrees 

It  should  not  be  inferred  that  the  water  delivered  to  the  consumer 
will  be  as  warm  as  that  at  the  surface  of  the  reservoir ;  since  much 
of  the  water  in  cases  of  this  kind  is  pumped  directly  to  the  consumer, 
and  that  portion  which  enters  the  reservoir  at  the  bottom  may  on  ac- 
count of  its  greater  density  remain  there  until  drawn  without  acquir- 
ing the  surface  temperature. 

The  foregoing  observations,  though  not  conclusive,  indicate  that 
the  temperature  of  water  as  delivered  to  consumers  depends  mainly 
upon  that  at  the  source.  If  this  is  the  case,  ground  waters  have  the 
advantage  that,  as  drawn  from  the  tap;  they  are  much  more  palatable 
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in  the  summer,  and  less  likely  to  freeze  in  the  pipes  in  winter. 
They  also  have  some  advantage  where  a  city  or  town  has  to  dispose 
of  its  sewage  by  filtration  through  land,  in  that  the  sewage  is  warmer 
in  winter.  The  relation  of  the  temperature  of  a  surface  water  supply 
to  that  of  sewage  is  given  in  the  following  diagram,  in  which  the 
temperature  of  the  water  of  the  Brookline  Reservoir  of  the  Boston 
Water  Works  is  compared  with  that  of  sewage  entering  the  reservoir 
of  the  Boston  Main  Drainage  Works.  The  diagram  is  based  upon 
five  years'  observations. 


Diagram  showing  Comparative  Temperatures  of  Water  and  Sewage, 
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The  diagram  shows  clearly  that  the  temperature  of  sewage  is 
governed  to  a  considerable  extent  by  the  temperature  of  the  water 
supply.  The  sewage  is,  however,  about  eight  degrees  warmer  in 
winter  and  three  degrees  colder  in  summer  than  this  water. 
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From  the  stand-point  of  the  public  health,  the  natural  classification 
of  waters  is  into  those  which  have  at  no  time  been  contaminated  by 
the  Avaste  products  of  human  life,  and  those  which  have  been  thus 
contaminated.  Waters  of  the  first  class  we  have  called  normal ;  in 
the  latter  class,  we  attempt  to  express  the  amount  of  polluting 
matter  of  the  nature  of  sewage  which  the  water  has  received,  by 
giving  its  variation  from  the  normal  chlorine  contents  of  the  region. 

The  subject  has  already  been  discussed  in  the  chapter  on  the 
inteipretation  of  analyses.  It  was  there  shown  that  we  have  in  the 
chlorine  contents  of  the  water  the  evidence  that  we  need  to  deter- 
mine whether  or  not  a  body  of  water  has  received  house  drainage, 
either  directly,  as  when  the  sewage  of  a  town  flows  into  a  stream, 
or  indirectly,  as  when  the  drainage  from  houses  or  cess-pools  reaches 
the  water  courses  after  filtration  through  the  ground. 

In  the  accompanying  map  of  normal  chlorine  of  Massachusetts, 
the  points  of  like  normal  chlorine  have  been,  connected  by  lines 
which  we  will  call  isochlors.  It  will  be  noticed  that  these  isochlors, 
which  represent  a  difference  of  0.05  part  of  chlorine  in  100,000  of 
water,  are,  in  the  eastern  part  of  the  State,  close  together,  approxi- 
mately parallel,  and  conform  in  a  general  way  to  the  coast  line.  As 
we  recede  from  the  coast  westward,  the  isochlors  are  wider  apart 
and  their  parallelism  is  less  marked. 

In  the  following  tabulations  of  the  waters  of  the  State  according 
to  their  chlorine  contents,  this  map  has  been  used  as  the  basis  ;  that 
is  to  say,  when  the  average  chlorine  contents  of  a  water  agree  w  ith 
the  isochlors  on  the  map,  the  water  is  considered  normal ;  when  the 
amount  of  chlorine  is  in  excess  of  the  normal,  the  amount  of  this 
excess  expresses  the  extent  to  which  the  water  is  believed  to  have 
been  polluted.  This  use  of  the  map  of  normal  chlorine  we  find 
justified  in  most  of  the  cases  where  we  have  an  accurate  knowledge 
of  the  drainage  area;  in  other  words,  we  find  the  excess  of  chlorine 
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in  the  water  to  be  in  proportion  to  the  population  on  the  drainage 
area. 

There  are  no  data  in  this  country  sufficiently  complete  from  which 
we  can  determine  the  amount  of  chlorine  contributed  to  sewage  by 
each  inhabitant  per  day.  Calculations  based  on  the  volume  of  sew- 
age per  inhabitant  in  London,  and  determinations  of  the  amount  of 
chlorine  in  the  sewage  and  in  the  water  supply,  indicate  that  the 
amount  of  chlorine  per  person  per  day  is  0.045  pound.  The 
average  daily  flow  of  the  Sudbury  River  per  square  mile  of  drainage 
area  for  the  past  eleven  years  is  8,500,000  pounds  of  wat«r  per  day. 
Assuming  the  data  derived  from  London  sewage  to  be  generally 
applicable,  we  find  that  it  requires  nineteen  persons  per  square 
mile  to  increase  the  chlorine  in  the  water  flowing  from  a  drainage 
area  of  the  size  of  the  Sudbury  River  .01  of  a  part  per  100,000. 
Another  way  of  arriving  at  the  population  required  to  produce  this 
result,  is  to  divide  the  population  per  square  mile  of  watersheds 
in  Massachusetts  by  the  corresponding  excess  of  chlorine  in  the 
water.  In  this  way  we  find,  from  an  average  of  observations  of 
fifteen  streams  and  reservoirs,  that  it  requires  twenty-one  persons 
per  square  mile  to  increase  the  chlorine  .01.  Observations  of  nine 
other  streams,  where  a  portion  of  the  chlorine  is  probably  due  to 
manufacturing  wastes,  give  but  thirteen  inhabitants  per  .01  increase 
of  chlorine.  There  are  a  few  streams  where  the  amount  of 
chlorine  furnished  by  manufacturing  is  still  greater,  so  that  each  .01 
of  chlorine  corresponds  to  a  still  smaller  population,  the  minimum 
number  found  being  2.8  persons  per  square  mile. 

All  the  foregoing  results  are  based  upon  averages  for  a  year  or  more. 
In  the  summer,  when  the  flow  is  small,  the  population  corresponding  . 
to  .01  excess  of  chlorine  is  much  smaller,  the  average  of  several 
observations  upon  streams  being  seven  persons  per  square  mile. 

The  average  results  obtained  from  analyses  of  ponds  should  be 
somewhat  larger  than  those  of  streams ;  but  the  individual  results 
vary  so  much  that  it  is  unnecessary  to  consider  a  refinement  of  this 
kind.  We  may  say,  in  a  general  way,  that  four  families  or  20  per- 
sons per  square  mile  will  add,  on  an  average,  .01  of  a  part  per 
100,000  of  chlorine  to  the  w^ater  flowing  from  this  area,  and  that  a 
much  smaller  population  will  have  the  same  efiect  during  seasons  of 
low  flow. 

While  we  feel  confident  in  the  general  correctness  of  the  applica- 
tion of  the  map  for  the  determination  of  the  degree  to  which  the 
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waters  have  been  polluted,  it  is  important  that  the  limitations  of  its 
use  be  clearly  understood.     Some  of  these  limitations  are  :  — 

1.  Those  waters  have  been  called  normal,  and  have  been  used 
in  establishing  the  isochlors,  which  drain  areas  believed  to  be 
nearly  or  quite  free  from  population.  Until  a  careful  survey  of 
the  State  be  made,  with  the  express  object  in  view  of  determining 
the  relation  of  population  to  the  surface  and  ground  waters,  we  can- 
not be  sure  in  all  cases  that  we  actually  have  normal  water.  The 
normals  as  now  given  represent  the  present  state  of  our  knowledge 
of  this  relation. 

2.  Since  the  source  of  the  chlorine  in  the  normal  waters  of  the 
State  is  mainly  the  salt  of  the  sea  water,  it  is  obvious  that  the  direc- 
tion and  force  of  the  wind  and  the  amount  and  distribution  of  the 
i-ainfall  are  the  important  factors  governing  the  amount  of  chlorine 
in  these  waters.  The  chlorine  contents  of  the  waters  through  which 
the  isochlors  are  drawn  represent,  in  most  cases,  the  average  of 
monthly  determinations  from  June,  1887,  to  May,  1889.  It  may  be 
that  another  period  of  like  duration,  with  different  meteorological 
conditions,  would  give  isochlors  which  would  vary  in  position  some- 
what from  those  on  the  map. 

3.  It  has  been  already  clearly  pointed  out  (page  543)  that  the 
single  determinations  of  the  chlorine  from  which  the  normal  averages 
are  made  vary  greatly,  often  50  or  100  per  cent.,  and  in  some  cases 
even  more.  It  is  clear,  therefore,  that  a  single  determination  of 
chlorine  may  be  misleading,  when  compared  with  the  average  normal 
chlorine. 

4.  In  the  eastern  part  of  the  State,  where  the  isochlors  are  near 
together,  it  is  evident  that  slight  variations  from  the  normal  have 
less  significance  than  in  the  western  part  of  the  State,  where  the 
same  normal  covers  a  larger  area. 

5.  In  any  case  too  much  importance  must  not  be  attaclied  to  slight 
variations  from  the  normal,  as  shown  on  the  map,  say  to  the  extent 
of  0.05  part  in  100,000.  The  necessities  involved  in  drawing  the 
isochlors  with  our  present  knowledge  will  often  cause  a  variation, 
plus  or  minus,  of  this  amount,  in  waters  believed  to  be  normal.  This 
is  particularly  the  case  near  the  sea,  wlicre  a  general  parallelism 
with  the  coast  has  been  observed  in  drawing  the  isochlors.  These 
irregularities  will,  it  is  believed,  largely  disappear  when  further  sur- 
veys and  analyses  give  us  more  complete  knowledge  of  the  waters 
of  the  State.     Our  examinations  have  hitherto  been  mainly  confined 
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to  public  water  supplies,  and  the  waters  of  some  of  the  larger  rivers. 
To  make  the  map  of  normal  chlorine  complete  and  accurate,  the 
smaller  streams  in  uninhabited  regions  should  be  examined  regularly 
for  some  years. 

In  a  few  cases  which  will  call  for  detailed  mention  hereafter,  wc 
have  a  considerable  excess  of  chlorine  above  the  normal,  which  we 
are  unable  to  account  for  by  the  population  on  the  drainage  area. 
These  cases  are  to  be  made  the  subject  of  future  examination.  It 
may  be  discovered  .that  certain  waters  contain  chlorine  of  other 
origin  than  sewage,  or  from  the  sea  ;  as,  for  instance,  from  salt  con- 
tained in  certain  geological  formations,  or  from  factories  in  which 
salt  or  other  chlorides  are  largely  used. 

6.  It  must  be  kept  in  mind  that  the  excess  of  chlorine  in  a  water 
above  the  normal  does  not  necessarily  imply  present  pollution.  The 
organic  matter  and  ammonia  which  sewage  has  brought  into  a  water 
may  have  long  since  disappeared  by  oxidation  or  absorption  by 
plants,  but  the  salt,  which  is  not  subject  to  change,  remains.  It  is 
thus  possible  to  have  a  pure  water,  organically  speaking,  which 
shows  by  its  chlorine  contents  that  it  was  once  badly  polluted  by 
sewage.  This  is  particularly  true  of  ground  waters,  since  the 
oxidizing  power  of  porous  earth  on  organic  matter  is  very  great. 

In  this  classification  of  the  drinking  waters  of  the  State  on  the  basis 
of  their  chlorine  contents,  the  surface  waters  and  ground  waters  are 
grouped  separately,  owing  to  their  essential  and  radical  diflference  in 
character  and  composition.  In  all  cases  the  analyses  represent  the 
waters  at  their  sources,  and  not  as  they  are  supplied  to  the  consumer. 

Surface  Waters. 

Upon  tabulating  the  ninety  surface  waters  of  the  State  that  are 
used  for  public  drinking  supplies,  Ave  find  that  twenty-six  of  them 
have  no  excess  of  chlorine  above  the  normal,  which  indicates  that 
they  are  unpolluted  by  sewage.  We  find  twenty-five  other  sources 
having  so  small  an  excess  of  chlorine,  it  being  within  the  limits  of 
error  of  our  standard,  that  we  cannot  say  that  they  are  in  the  least 
polluted  by  household  wastes.  Some  of  these  are  in  districts  known 
to  be  free  from  such  pollution.  We  have,  then,  the  satisfaction  of 
knowing  that  as  many  as  one-third  and  probably  more  than  one- 
half  of  the  public  drinking  supplies  of  the  State,  obtained  from 
surface  waters,  are  unpolluted  by  sewage. 

Most  of  the  remainder  —  thirty-three  in  number  —  have  excess  of 
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chlorine  from  0.04  to  0.25  parts  per  100,000,  which  indicates  that 
they  contain  from  one  to  five  per  cent,  of  water  containing  as  much 
salt  as  ordinary  sewage. 

There  are  seven  sources  which  show  a  greater  excess  of  chlorine. 

These  four  groups  are  arranged  in  the  following  tables  :  — 

Table  No.  1. 

Surface,  waters ^  in  which  the  chlorine  is  normal,  arranged  in  the  order  of 
albuminoid  ammonias, 

(ParU  per  100.000.) 


Rksiduk 
OM  Evapo- 

AXMOVIA. 

NITKOOEN 

1 

Scarce, 

1 

ration. 

AS 

.0092 

o 

CiTT 

1 

I-- 

1 

ALBUMINOID. 

§ 

Z 

§ 

OR  Towx. 

1 

1 

1 

Lenox, 

Storage  Reservoir,     • 

0.00 

5.02 

0.35 

.0001 

.0028 

- 

.0044 

.0001 

- 

North  Adams, . 

Notch  Brook, 

0.01 

7.38 

0.50 

.0003 

.0042; 

- 

'.0054 

.0000' 

.0125    - 

Adama,     . 

Bassett  Brook  Reservoir,  . 

0.07 

4.12 

0.67 

.0011 

.0075 

- 

.0128 

- 

.0260  .00 

Pittsfield..        . 

Sackett  Reservoir,      , 

0.11 

6.69 

1.05 

.0006 

.0077 

- 

.0112 

.0000 

.0243  .00 

Dalton,      . 

Egypt  Brook,      . 

0.29 

2.73 

0.02 

.0002 

.0080 

- 

.0196 

.0001 

.0330 

_ 

Le 

Storage  Reservoir,     . 

0.10 

4.26 

0.96 

.0003 

.0087 

- 

.0075 

.0000 

.0220 

- 

Palmer,     . 

Storage  Reservoir,     . 

0.19 

3.90 

0.73 

.0004 

.0(te7 

- 

.0064 

.0000 

.0200 1. 00 

Leominster,     . 

Mprse  Reservoir, 

0.24 

2.30 

0.67 

.0006 

.0003 

- 

.0032 

- 

.0189 !  - 

Peabody,  . 

Spring  Pond,      .       • 

0.00 

3.91 

0.87 

.0001 

.0111 

- 

.0000 

- 

.0183 

.00 

Plymouth, 

Great  South  Pond,     . 

0.00 

2.60 

0.63 

.0004 

.0117 

- 

.0015 

.0000 

.0210 

.00 

Concord,  . 

Sandy  Pond, 

0.03 

2.66 

0.76 

.0001 

.0129 

- 

.0041 

.0001 ' 

.0254 

.00 

Pittofleld,.        . 

Ashley  Reservoir, 

0.18 

5.87 

1.04 

.0005 

.0140 

- 

.0090 

.0001 

.0325 

- 

Plymouth, 

Little  South  Pond,     . 

0.00 

2.04 

0.67 

.0003 

.0144 

- 

.0011 

.0000 ' 

1 

.0250 

.00 

Weatfleld, 

Storage  Reservoir,     . 

0.64 

3.04 

1.05 

.000^ 

.0147 

- 

.0044 

.0001 

.0289 

.00 

Worcester, 

Tatnuck    Brook    Storage 
Reservoir, 

0.19 

2.43 

0.86 

.0009 

.0166 

.0042 

.0038 

.0001 

.0301 

_ 

Nantucket, 

Wannacomet  Pond,   . 

0.07 

6.35 

1.00 

.0002    .0103 

- 

.0034 

.0002 

.0305 

.00 

HaverhiU, 

Crystal  Lake,     . 

0.13 

3.22 

0.98 

.0009 

.0166 

- 

.0030 

- 

.0310 

.00 

Peabody, . 

Brown's  Pond,    , 

0.17 

3.00 

1.05 

.0001 

.0109 

- 

.0013 

- 

.0291 

.00 

Bouthbridgc,    . 

Storage  Reservoir,     . 

0.25 

3.67 

1.01 

.0014 

.0181 

.0045 

.0045 

.0001 

.0354 

.00 

Pittsfield, . 

Ashley  Lake,      . 

0.34 

3.87 

1.36 

.0026 

.0191 

- 

.0010 

.0001 

.0376 

.00 

Lynn, 

Breed's  Pond,     , 

0.48 

3.84 

1.42 

.0018 

.0214 

.0049 

.0042 

.0001 

.0409 

.00 

Gloucester, 

Dikes  Brook  Storage  Res- 
ervoir,     .... 

0.52 

4.67 

1.73 

.0069 

.0229 

.0074 

.0044 

.0002 

.0478 

« 

New  Bedford, . 

Conduit 

1.36 

5.19 

2.08 

.0015 

.0248 

.0018 

'.0150 

.0001 

.0570 '.00 

Lynn, 

Birch  Pond, 

0.36 

3.92 

1.59 

.0019 

.0272 

.0072 

.0065 

.0001 

.0528 

.00 

Wayland, 

Storage  Reservoir,      . 

0.83 

4.44 

1.59 

.0020 

.0298 

.0040 

.0108 

.0001 

.0614 

- 

Leominster, 

Haynes  Reservoir,     . 

0.39 
0.27 

3.17 
4.03 

■1^_ 
1.04 

.0023 

.0409 

.0133 

.0067 
.0060 

.0001 

.0758 

- 

Average,    . 

.0011 

.0166 

.0059 

.0001 

.0326 

- 
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Table  No.  2. 

Surface  waters,  in  which  the  excess  of  chlorine  is  from  ,01  to  ,03  parts  per  100  y- 

000,  inclusive,  arranged  in  the  order  of  albuminoid  ammonias. 

(Parts  per  100,000.) 


Source. 

i 

Residue 

OK  EVAPO-, 
BATIOV.     1 

AWOKIA. 

Nitrogen 

▲8 

. 

c 
H 
2 

CITT 

1 

=1 

1 

ALBUMDCOID. 

J 

1 

£     w. 

OK  Town. 

1 

CO  ^ 

i 

0 

m 

I 

H 

Oreenfield,      . 

Glen  Brook  Storage  Res. 
ervoir,      .... 

0.03 

5.09 

0.48 

.0010 

.0046 

« 

.0090 

.0001 

.0175  .03 

Qt.  BarrlDgton, 

0.06 

4.70 

0.67 

.0003 

.0053 

- 

.0100 

.0000    .0189  .01 

'            1 

Clloton,    . 

"The  Basin,"     . 

0.25 

I4.63 

0.80 

.0006 

.0078 

- 

.0116 

.0001'  .0249 '.02 

1           1 

Montague, 

Lake  Pleasant,    . 

0.01 

2.69 

0.66 

.0021 

.0081 

.0013 

.0064 

.0000 

.0214!. 02 

1 

South   Iladley, 

Storage  Reservoir,     . 

0.30 

3.61 

1 

0.76 

.0010 

.0089 

- 

.0133 

.0001 

.0288 '.02 

Amherst, . 

Amethyst   Brook  Storage 
Reservoir, 

0.59 

1 
3.69 

1.16 

.0003 

.0109 

- 

.0084 

.0000 

1 
,0265  .02 

Adams,     . 

Dry  Brook   Storage   Res- 
ervoir,     .... 

0.21 

7.50 

1.29 

.0012 

.0111 

- 

.0068 

- 

.0260,. 01 

Northampton, . 

Storage  Reservoir,     . 

0.30 

4.37 

0.95 

.0003 

.0113 

- 

.0068 

.0000 

.0246  .03 

Webster,  . 

LakeChaubunagungamaug, 

0.06 

2.18 

0.66 

.0002 

.0129 

- 

.0043 

.0000 

.0256  .01 

W.  Springfield, 

Storage  Reservoir,     . 

0.31 

4.11 

0.89 

.0009 

.0133 

- 

.0067 

.0001 

.0283 

.03 

Spencer,  . 

Shaw  Pond, 

0.03 

2.69 

0.85 

.0007 

.0136 

- 

.0069 

.0001 

.0289 

1 

.01 

Fltchburg, 

Overlook  Reservoir,  ,       .0.10 

|2.41 

0.49 

.0012 

.0151 

.0034 

.0041 

.0001 

.0299  .02 

Hudson,    . 

Gates  Pond,        .       .       .   0.05 

3.01 

0.68 

.0014 

.0155 

.0029 

.0056 

.0001 

.0323 '.02 

New  Bedford, . 

Little  Qu ittaoas  Pond ,       . '  0 .  19 

2.96 

1.15 

.0003 

.0160 

- 

.0036 

.0000 

.0800 '.02 

j 

Fall  River,        . 

WatuppaLake,  . 

0.19 

3.26 

0.98 

.0005 

.0162 

.0020 

.0066 

.0001. 

.0826  .02 

Worcester, 

Lynde  Brook  Storage  Res- 
ervoir  

0.25 

2.08 

0.91 

.0040 

.0162 

.0021 

.0062 

1 

.0001 

1 

.0861  .01 

Athol,       .       . 

Small  PhiUipston    Reser- 
voir,   

1.08 

3.08 

1.59 

.0009 

.0176 

- 

.0066  .0000 

.0362  .03 

Holyoke,  . 

Whiting  Street  Brook, 

0.29 

lv.« 

1.27 

.0013 

.0179 

.0033 

.0089  .0001 

1 

.03W  .01 

Fltchburg, 

Falulah  Reservoir,     . 

0.28 

2.T« 

0.82 

.0008 

.0180 

.0047 

.0042 

.0001 

.0346  .01 

Holyoke,  . 

Wright  and  Ashley  Ponds, 

0.06 

|S.18 

0.82 

.0023 

.0184 

.0043 

.0043 

.0001 

1 

.0366  .02 

Danvers,  . 

Middleton  Pond, 

0.62 

'4.37 

1.48 

.0308 

.0207 

.0035 

.0049 

.0001 

.0396  .01 

Fltchburg, 

Scott  Reservoir, 

0.16 

2.62 

0.02 

.0006 

.0226 

.0073 

.0034 

.0001 

.0111  .03 

Northborough, 

Storage  Reservoir,     . 

0.85 

4.43 

1.56 

1 

.0013 

.0230 

- 

.0081 

.0001 

.04:0  .02 

Tewksbury,     . 

State  Almshouse  Brook,   . 

0.91 

4.87 

"" 

.0022 

.0256 

.0043 

.0063 

.0001 

.050C.01 

Boston,     - 

Reservoir  4, 

0.73 

3.75 

1 

1.52| 

.0006 

.0260 

.0042 

.0056  .0001 

1 

.0488.03 

Springfield,      . 

Ludlow  Reservoir,     . 

0.16 

;»•« 

1.52, 

.0019 

.0381 

.0151 

.0030  .0002 

.0681  .01 

Brockton, 

Salisbury  Brook  Reservoir, 

0.75 
0.33 

3.8S 

l.M 
1.06 

.0028 

.0411 

.0163 

.0068 

.0001' 

.0758  .01 

Average, 

.0012 

.0169 

.0064 

.0064 

.0001 

.0352. 

« 
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Table  No.  3. 

Surface  waters^  in  which  the  excess  of  chlorine  is  from  0.04  parts  per  lOOflOO  to 
0.25  parts,  arranged  in  order  of  excess  of  chlorine. 

(Parts  per  100,000.) 


Sonree. 

i 

a 

Residuk 

OK  EVAPO- 
BATIOK. 

Ahxokia. 

NiTROGBK 
AS 

^ 

^4 

City 

H 

s5 
2a 

1 

ALBUMINOID. 

1 

.0045 

.0001 

OB  TOWK. 

1 

ig 

OS  "^ 

0 

HavcrhlU, 

KenozaLake,     . 

0.02 

3.81 

0.74 

.0006 

1 

.0142 

.0014 

.0285 

.04 

Norwood, 

Buckmaster  Pond,      . 

0.13 

2.74 

1.01 

.0055 

1 

.0220 

.0026 

.0061 

.0002 

.0469 

.04 

Westborough, . 

Storage  Reservoir,      . 

0.45 

3.12 

1.25 

'.0026 

.0244 

- 

.0079 

.0001 

.0501 

.04 

ningham,. 

Accord  Pond,      . 

0.24 

3.25 

1.00 

L0OO3 

.0144 

.0017 

.0043 

.0001 

.0283 

.05 

AblngtoD, 

Big  Sandy  Pond, 

0.15 

3.86 

0.88 

.0008 

.0160 

- 

.0063 

.0001 

.0334 

.06 

Chicopce  Falls, 

Chicopee  River,  . 

0.43 

4.17 

1.14 

.0015 

.0163 

.0035 

.0098 

.0002 

.0380 

.05 

Springfield, 

Van  Horn  Reservoir,. 

0.14 

3.40 

1.11 

.0098 

.0268 

.0052 

.0201 

.0002 

.0723 

.05 

Chicopee,. 

Dingle  Brook  Reservoir,    . 

0.20 

3.88 

0.81 

.0010 

.0135 

.0054 

.0138 

.0002 

.0370 

.06 

Lowell,      . 

Merrimack  River,       .        . 

0.31 

,5.11 

1.06 

.0019 

.0149 

.0026 

.0092 

.0002 

.0354 

.06 

Bherborc, . 

Waushaknm  Pond,    . 

0.23 

4.16 

1.13 

.0009 

.0195 

- 

.0060 

.0001 

.0388  .C6 

Maiden,     . 

Spot  Pond,  .... 

0.24 

4.30 

1.24 

.0007 

.0216 

.0029 

.0044 

.0001 

'.0405  .06 

Lawrence, 

Distributing  Reservoir,      . 

0.28 

3.97 

0.99 

.0025 

.0142 

.0014 

.0161 

.0003 

.0407  .07 

j 

Lawrence, 

Merrimack'River, 

0.34 

4.85 

1.11 

.0022 

.0178 

.0034 

.0006 

.0003 

.0409  .07 

1 

Wcymonth, 

Great  Pond, 

O.fil 

4.16 

1.80 

.0010 

.0224 

- 

.0037 

.0000 

.0413;. 07 

Lowell,     . 

Distributing  Reservoir,     . 

0.28 

4.15 

1.09  '.0028 

.0139 

.0025 

.0177 

.0002 

.0430  .08 

Salem, 

Wcnhara  Lake,  . 

0.05 

4.62   0.80  ^.0018 

.0143 

.0028 

.0047 

.0001 

.0297  .09 

1 

Haverhill, 

Lake  Pentacket, 

0.02 

3.42   0.78 

.0007 

.0164 

- 

.0040 

.0001 

.0316  .09 

Cambridge, 

Stony  Brook  Storage  Res- 
ervoir  

0.73 

6.54 

1.74 

.0033 

.0286 

.0048 

.0151 

.0002 

.0649 

.09 

Randolph, 

Great  Pond, 

0.76  '3.96 

1 

1.27 

.0008 

.0263, 

.0026 

.0043 

.0001 

.0465  .10 

1 

Hingham, 

Fulling  Mill  Pond,     .        . 

0.36    5.33 
1.45    6.74 

1.30  '.0023 

1 

.0282 

.013: 

.0068 

.0002 

.0555  .10 

Taanton,  . 

Taunton  River,  . 

2.18  '.0010 

.028; 

.0035 

.0084 

.0001 

.0500  .10 

Boston,     . 

Reservoir  2, 

1.01    4.79 

1.88' 

.0009 

.0296 

.0053 

.0089 

.0002 

.05S3  .10 

Oanlner,  . 

Crystal  Lake,      . 

0.02 

2.62 

0.62  '.0013 

.0111 

- 

.0050 

.0001 

,.0244  Ml 

Quincy,     . 

Storage  Reservoir,      . 

0.41 

♦3.6? 

1.00    .0027 

1 

.0215 

.0065 

.0096 

.0003 

.0474  .11 

Storage  Reservoir, 

0.27 

4.53 

1.02    .0021 

.0170 

.0034 

.0140 

.0003 

.0430  .13 

1 

Springfield, 

Lombard  Reservoir,  . 

0.09 

3.45 

0.68    .0015 

.0175 

- 

.0117 

.0003 

.0419  .13 

Winchester,     . 

Storage  Reservoir,     . 

0.14 

5.04 

1.21  ■  .0033 

.02P 

.oo-^s 

.0104 

.0003 

.0629  .13 

1           j 

Wakefield, 

Crystal  Lake,      . 

0.14 

3.73 

0.92    .0008 

.0165 

.0017 

.0079 

.0001 

.0367  .14 

BoHojj       . 

Chestnut  Hill  Reservoir,    . 

0.38    5.08 

1.43    .0019 

.0222 

.0028 

.0200 

.0002 

.0682 '.19 

Boston,     . 

Reservoirs, 

0.87 

5.25 

1.85 

.0OJ9 

.0285 

.0044 

.021' 

.0003 

.0729 j. 19 

Boston,     . 

Lake  Cochituate, 

0.25 

5.09 

1.22 

.0026 

.0207 

.0039 

.0148 

.0003 

.0612'  20 

1 

Boston,     . 

Tap  in  City, 

0.38 

4.98 

1.47  ".0008 

.0207 

.0022 

.0206 

.0002 

.0564  .20 

Marlborongh,  . 

Lake  William 

0.06 
0.36 

4.02 
4.22 

0.70    .0006 

.0196 

.0043 

.0053 

.0001 

.0380 

.26 

Average,    . 

1.17 

.0021 

.0201 

.0038 

.0101 

.0002 

.0445 

.10 

*  Filtered. 
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Table  No.  4. 

Surface  waters,  in  which  the  excess  of  chlorine  is  0.30  parts  or  mere,  arranged  in 

the  order  of  excess  of  chlorine, 

(Parts  per  100,000.) 


Source. 

6 

RE8IDI7B 

OH   EVAPO- 

RATIOK. 

AXMOSIA. 

KITSOOKH 
AS 

1 

& 

City 

1 

1* 

1 

ALBUMINOID. ' 

• 

Z     ' 

t 

OR  TOWK. 

H 

It' 

i 

M 

Haverhill, .       . 

I^ake  Saltonstall, . 

0.05 

4.51 

0.77 

.0015 

.0145 

- 

.0030 

.0003 

.0302 

.SO 

Whitman, . 

Hobarts  Pond,     . 

1.00 

6.58 

2.26 

.0061 

.0435 

.0085 

.0122 

.0003 

.08S8 

.81 

Boston,      . 

Jamaica  Pond,     . 

0.03 

0.80 

1.04 

.0157 

.0398 

.0299 

.0160 

.0004 

.0941 

.33 

Arlington, 

Storage  Reservoir, 

0.73 

7.96 

2.09 

.0024 

.0475 

.0105 

.0246 

.0002 

.1047 

1 

.36 

Natick,      . 

Dug  Pond,    . 

0.15 

6.29 

0.98 

.0050 

.0218 

.0039 

.0238 

.0001 

.0647; 

.44 

Cambridge, 

Fresh  Pood, . 

0.11 

16.09 

1.93 

.0134 

.0196 

.0035 

.0281 

.0007 

.0718 1 

.94 

Boston, 

Mystic  Lake, 

0.23 

10.68 

1.61 

.0235 

.0264 

.0052 

.0496 

.0015 

.1127 

1.55 

Average, 

0.33 

8.13 

1.61 

.0097 

.0304 

.0113' 

1 

.0228    .0005! 

1            1 

.0811, 

0.60 

From  the  analyses  of  the  twenty-six  waters  arranged  in  Table  No.  1, 
we  learn  that  waters  shown  by  their  chlorine,  as  well  as  known  in 
general  by  their  surroundings,  to  be  entirely  unpolluted  by  sewage, 
may  have  nitrogen  in  its  several  forms  in  limited  but  quite  varying 
amounts ;  in  some  forms  exceeding  the  amounts  w^hich  have  been 
regarded  by  chemists  as  indicating  dangerous  pollution  by  sewage. 
This  is  most  marked  with  the  albuminoid  ammonias,  of  which  many 
exceed  0.0200  parts  in  100,000,  and  one  reaches  0.0409  parts  ;  while 
the  average,  0.0156  parts,  exceeds  a  commonly  accepted  standard, 
above  which  water  has  been  re«:arded  as  danjrerous  to  health. 

Seeking  the  source  of  these  high  albuminoid  ammonias,  we  find 
that,  when  accompanied  with  high  .color,  the  waters  have  generally 
flowed  through  swampy  districts,  or  have  been  in  reservoirs  having 
vegetable  matter  on  the  bottom.  Others  having  less  color  have 
had  abundant  growths  of  algoe  and  other  forms  of  life,  which  in  turn 
depend  upon  nitrogen  obtained  from  the  rain  and  from  organic 
matter,  and  nitrates  brought  into  the  ponds  by  surfiice  or  subterra- 
nean streams,  or  from  organic  matter  in  the  mud  at  the  bottom. 

While  these  large  albuminoid  ammonias  indicate  organic  matter 
whose  origin  is  independent  of  sewage,  and  consequently  is  not  likely 
to  contain  the  germs' of  disease,  which  are  regarded  as  the  most 
dangerous  element  of  sewage ;  and  while  the  albuminoid  ammonias 
are,  as  in  all  of  these  waters,  accompanied  by  low  free  ammonias,  the 
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organic  matter  which  they  indicate  may  bo  regarded  as  in  a  state  not 
readily  susceptible  to  decay,  and  therefore  not  dangerous  to  health  ; 
we  have  yet  to  recognize  the  fact  that  many  of  these  waters, 
unpolluted  by  sewage,  have  at  times  had  bad  odors  and  disagree- 
able tastes,  which  have  rendered  them  unsuitable  for  drinking. 
These  times  have  generally  been  in  the  warm  weather,  during  or 
after  an  abundant  growth  of  algae  or  other  organisms ;  and  these 
objectionable  tastes  and  odors  have,  in  the  waters  of  this  and 
the  next  following  series,  been  limited  to  those  whose  albuminoid 
ammonias  have  been  above  or  a  very  little  below  the  average  of 
these  series. 

We  may  then  conclude  that  surface  waters,  shown  by  their 
chlorines  and  by  their  drainage  areas  to  be  unpolluted  by  sewage, 
which  have  albuminoid  ammonias  less  than  the  average  of  these 
series,  or  less  than  0.0160  parts  per  100,000,  are  much  preferable  to 
those  having  higher  albuminoid  ammonias ;  as  the  latter  are  more 
likely  to  have  at  times  disagreeable  tastes  and  odors. 

The  free  ammonias  of  this  series  include  one  having  0.0069  parts, 
which  is  far  higher  than  all  of  the  others ;  the  next  lower  being 
0.0026,  and  the  average  of  all  being  0.001 1  parts;  three-quarters 
of  the  whole  number  being  below  the  average.  The  highest  free 
ammonia  was  that  of  a  reservoir  which  was  an  ovei'flowed  meadow, 
which  had  been  in  use  less  than  two  years,  when  observations  were 
commenced.  Its  water,  during  the  greater  part  of  the  year,  had  very 
low  free  ammonia,  sometimes  0.0000;  but  in  the  latter  part  of  the 
summer,  after  there  had  been  a  considerable  growth  of  algse,  the  free 
ammonia  increased  greatly.  Other  instances  of  this  kind  will  be  dis- 
cussed in  a  subsequent  section. 

The  nitrates,  in  this  series  of  unpolluted  waters,  reached  in  one 
case  0.0196  parts;  but  were  generally  much  lower,  and  averaged 
0.0060  parts ;  and  the  nitrites  reach  as  high  as  0.0002  parts,  but 
are  generally  0.0001  or  less.  The  color,  increasing  in  general  with 
the  albuminoid  ammonia,  although  not  following  it  closely,  averages 
0.27  on  our  scale  of  colors,  and  varies  from  0.00  to  1.36.  The 
total  residue  on  evaporation  reaches  as  high  as  7  38  in  the  limestone 
district  in  the  western  part  of  the  State,  but  is  generally  nearer  the 
average,  which  is  4.03  parts,  per  100,000.  The  loss  on  ignition 
averages  1.04  parts,  and  varies  from  0.35  parts  to  2.08  parts. 

Turning  to  Table  No.  2,  in  which  are  27  water  supplies  having  so 
little  excess  of  chlorine  above  the  normal  that  we  are  in   doubt 
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whether  they  are  in  the  least  polluted  by  sewage, — the  excess  not 
being  greater  in  any  case  than  0.03  part,  which  is  generally  less 
than  the  probable  error  of  the  normal  chlorine,  and  if  correct  shows 
a  pollution  by  sewage  of  only  a  fraction  of  one  per  cent,  —  we  find 
variations  similar,  in  kind  and  in  amount,  to  those  of  the  first  series, 
and  the  averages  of  each  series  are  almost  identical  in  every  respect. 
They  are  as  follows  :  — 


Color. 

Total 
Kesldiie. 

T.OWR  on 
Igiiitluii. 

Free 
Ammonia. 

Albuminoid 
Ammonia. 

KlTRi>OBN-  AS 

Total 

Nitrates. 

Nitrites. 

Nitrojrcn. 

Average  of  Table  No.  1,     0.27 
Average  of  Table  No.  2,  j  0.33 

4.03 
8.95 

1.04 
1.06 

0.0011 
0.0012 

0.0156 
0.0169 

0.0060 
0.0064 

0.0001 
0.0001 

0.0326 
0.0352 

This  second  series,  which,  as  has  been  said,  contains  waters 
having  so  little  excess  of  chlorine  that  we  are  in  doubt  whether 
they  are  in  the  least  polluted  by  sewage,  confirms  by  its  identity 
the  reasonableness  of  regarding  the  average  of  the  first  series  as 
expressing,  in  a  general  way,  the  relative  amounts  of  the  different 
forms  of  nitrogen  that  may  be  found  in  the  unpolluted  surface  waters 
of  the  State ;  bearing  in  mind  that  there  may  be  extreme  cases  in 
which  the  amounts  of  nitrogen,  in  the  different  forms,  may  be  from 
two  to  three  times  the  amount  given  in  the  average.  These  two 
series,  containing  53  sources,  include  more  than  half  of  the  surface 
water  supplies  of  the  State. 

While  the  variations  from  the  above  averages  of  nitrogen  extend  to 
two  or  three  times  these  amounts,  it  will  be  seen  that,  with  the  excep- 
tion of  the  albuminoid  ammonia,  the  amounts  are  so  small  that,  in 
the  highest,  the  free  ammonias,  the  nitrates  and  the  nitrites  are  low. 

With  the  actual  condition  of  the  water  supplies  unpolluted  by 
sewage,  before  us,  we  will  turn  to  those  in  which  an  excess  of 
chlorine  shows  that  the  waters  have  been  in  contact  with  household 
wastes.  But  first  let  us  inquire  what  we  have  reason  to  expect 
to  find.  Let  us  consider  the  change  that  would  be  made  in  the 
chemical  constituents  of  our  stream  of  unpolluted  water,  if  sewage 
like  that  described  on  page  538  should  enter  it,  in  sufficient  quantity 
to  form  five  per  cent,  of  its  volume.  The  sewage  may  enter  directly, 
or  it  may  enter  after  percolating  through  the  ground  and  becoming 
more  or  less  purified. 


The  constituents  of  the  sewage  were  as  follows :  — 


Free  Ammonia. 

1.82U2 


Albamlnold  Ammonia. 

0.6302 


Chlorine. 

6.25 


Nitrates. 
0.0000 
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From  experiments  upon  intermittent  filtration  of  this  sewage, 
continued  day  after  day  for  a  year,  through  five  feet  of  sand,  we 
have  found  that  the  chlorine  was  not  decreased,  but  that  the  forms 
of  nitrogen  were  so  changed  as  to  give  the  following  average  results. 

When  slowly  percolating  through  fine  sand,  under  favorable  con- 
ditions :  — 

Free  Ammonia.         Albuminoid  Ammonia.  Chlorine.  NItratcf.  Nilritet. 

0.0014  0.0080  6.25  1.0404  0.0002 

When  more  'rapidly  percolating  through  coarse  sand  :  — 

Free  Ammonia.         Albuminoid  Ammonia.  Chlorine.  Kltrates.  KItrltes. 

0.0544  0.0265  6.25  1.5010  0.0013 

If  five  per  cent,  of  these  constituents  should  be  added  to  the 
stream,  we  should  have  the  following  additions  to  the  constituents 
of  the  stream. 

When  sewage  ran  directly  into  the  stream  :  — 

Free  Ammonia.       Albuminoid  Ammonia.       Chlorine.  NItmtea.  Nitrites.       Total  Nitrogen. 

0.0910  0.0265  0.26  0.0000       0.0000         0.1181 

When  very  completely  purified  by  intermittent  filtration  through 
the  ground :  — 

Free  Ammonia.       Albuminoid  Ammonia.       Chlorine.  NltratcH.  Nitrites.       Total  Nitrogen. 

0.0001  0.0004  0.26  0.0520       0.0000         0.0527 

When    less    completely  purified   by  intermittent  filtration  through 
the  g'round :  — 

Free  Ammonia.       Albamlnold  Ammonia.       Chlorine.  Nitrates.  Nitrites.       Total  Nitroxen. 

0.0027  0.0013  0.26  0.0750       0.0001         0.0794 

If  we  should  add  these  constituents  to  the  unpolluted  stream, 
containing  the  following :  — 


Excess  of 

Free  Ammonia. 

Albuminoid  Ammonia. 

Chlorine. 

Nitrates. 

Nitrites. 

Total  Nitrogen. 

0.0011 

0.0156 

*  0.00 

0.0060 

0.0001 

0.0326 

we  should,  in  the  first  case,  of  direct  discharge  of  sewage,  find  the 
chlorine  increased  by  the  full  amount  of  0.26  parts.  The  nitrates 
and  nitrites  would  not  be  changed;  but  the  albuminoid  ammonia 
would  be  nearly  trebled,  the  free  ammonia  would  be  enormously 
increased,  and  the  total  nitrogen  would  be  more  than  trebled.  The 
characteristics  of  the  result  would  be  the  definite  increase  in  chlorine, 
a  very  marked  increase  in  total  nitrogen,  and  an  enoiiuous  increase 
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in  free  ammonia.      The  increase  in  albuminoid  ammonia,  though 
great,  might  not  be  sulEcient  to  be  characteristic. 

Such  a  result  should  not  be  expected  in  the  public  drinking  water 
supplies  in  this  State,  where,  under  the  statute,  no  sewage  from 
water-closets  or  from  privies  can  be  turned  into  any  stream  —  except 
into  two  or  three  large  rivers  —  within  twenty  miles  above  where 
its  water  is  used  for  drinking ;  but,  if  such  a  result  is  found,  search 
should  be  made  for  sewage  thus  entering,  and  the  statute  enforced. 

When  the  sewage  of  the  drainage  area  is  put  into  the  ground  at 
each  house,  it  enters  intermittently,  and  has  commonly  a  long  dis- 
tance to  percolate  before  reaching  the  stream.  In  such  case  we 
might  reasonably  look  for  a  result  approximating  to  that  of  the  sec- 
ond case  of  very  complete  purification  of  the  sewage  before  it  entered 
the  stream.  In  this  case,  we  should  have  the  definite  increase  of 
0.26  in  the  chlorine,  and  a  very  marked  increase  in  the  nitrates  ;  an 
increase  that  would,  under  different  circumstances,  vary,  but  might 
reach  to  one-quarter  or  one-fifth  of  the  increase  of  the  chlorine. 
The  definite  and  marked  increase  in  the  chlorine,  in  the  nitrates  and 
in  the  total  nitrogen,  would  be  characteristic  of  this  condition,  the 
change  in  the  free  and  albuminoid  ammonia  being  so  slight  as  to  be 
insignificant. 

In  the  third  case,  of  less  complete  purification  while  i)assing 
through  the  ground,  which  undoubtedly  is  the  more  common  condi- 
tion on  the  drainage  area  of  our  water  supplies,  we  should  have  the 
same  definite  increase  of  the  chlorine,  and  the  very  marked  increase 
of  the  nitrates  and  of  the  total  nitrogen,  as  in  the  second  case.  The 
increase  in  the  albuminoid  ammonia,  being  so  small  a  percentage  of 
that  of  the  unpolluted  stream,  would  not  be  characteristic ;  but  the 
increase'  in  the  free  ammonia,  though  not  large  in  itself,  is  suffi- 
ciently large,  when  compared  with  what  we  may  expect  in  the 
unpolluted  stream,  to  indicate  its  source.  The  increase  in  the 
nitrites,  though  small,  is  significant. 

Reviewing  the  several  conditions,  we  find  that,  in  all,  the  excess 
of  the  chlorine  above  the  normal  for  the  region  indicates  that  .nearly 
a  definite  percentage  of  the  water  of  the  stream  has  been,  at  some 
time,  associated  with  household  wastes.  It  may  be,  however,  that 
that  water  has,  before  entering  the  stream,  been  so  purified  by  filter- 
ing through  the  ground  that  little  or  none  of  its  objectionable  oi^nic 
matter  remains.  If  it  has  not  been  so  purified,  but  enters  the  stream 
directly  as  sewage,  we  expect  to  find  a  large  increase  in  the  total 
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nitrogen,  made  up  of  a  very  large  increase  in  the  free  ammonia,  and 
a  much  smaller  and  less  characteristic  increase  in  albuminoid  ammo- 
nia, with  no  change  in  the  nitrates  and  nitrites. 

If,  on  the  other  hand,  it  has  been  purified,  by  having  the  organic 
matter  burned  up  while  it  was  passing  through  the  ground,  we 
should  expect  to  find  less  increase  in  the  total  nitrogen,  made  up  of 
a  very  marked  increase  in  the  nitrates,  with  no  appreciable  increase 
in  the  albuminoid  ammonia ;  but  with  an  increase  in  the  free  ammo- 
nia, more  or  less  marked,  as  purification  by  filtration  was  less  or 
more  complete. 

There  is  another  class  of  conditions  which  modifies  these  results, 
to  a  noticeable  extent  in  streams,  and  often  to  a  very  marked  extent 
in  ponds  and  reservoirs :  it  is  the  vegetable  and  animal  growth  in 
the  pond.  Plants  appropriate  the  ammonia  and  the  nitrates,  and 
may  reduce  the  amount  of  nitrogen  in  a  water,  that  shows  by 
its  chlorine  to  have  been  associated  with  household  wastes,  so  that 
it  becomes  less  than  that  ordinarily  found  in  unpolluted  ponds. 
When  the  organic  matter,  which  was  originally  sewage,  has  been 
thus  transformed,  it  is  of  course  harmless,  and  the  excess  of  chlorine 
indicates  only  whtit  has  been. 

Plants  growing  upon  the  bank  may  remove  the  nitrogen  per- 
manently from  the  water,  but  plants  growing  upon  the  bed  and 
floating  plants  retain  the  nitrogen  for  a  time,  and  when  they  decay 
return  it  to  the  water  as  free  ammonia. 

Microscopic  organisms  in  suspension  may  also  reduce  for  a  time 
the  ammonia  and  the  nitrates,  and,  being  included  in  the  sample 
analyzed,  increase,  by  their  substance,  the  albuminoid  ammonia. 

These  modifications  of  the  general  results,  attributable  to  the 
introduction  of  sewage  into  a  water  supply,  vary  with  the  season  of 
the  growth  and  decay  of  organisms ;  a  study  of  which  may  be  found 
in  a  previous  chapter. 

Turning  to  the  remaining  analyses  of  surface  water  supplies,  we 
find  thirty-three  sources  in  which  the  excess  of  chlorine  varies  from 
0.04  to  0.25  parts  per  100,000 ;  which  indicates  that  from  one  to 
five  per  cent,  of  their  volumes  was  made  up  of  water  from  sewage 
having  the  strength  of  chlorine  we  have  been  considering.  These 
are  contained  in  Table  No.  3.  The  average  of  these  analyses  is  as 
follows :  — 

Total        Loss  on  Ammonia.  Excess  of  27itrogen  as  Total 

Color.       Kesidae.    tiniition.         Free.        Albuminoid.    Chlorine.     Nitrates.        Nitrites.  Nitrogen. 

0.36      4.22      \1.17      0.0021      0.0201      0.10      0.0101      0.0002      0.0449 
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Comparing  this  with  the  average  of  unpolluted  waters  given  in  Table 
No.  1,  which  was  :  — 

Total        Loifon  Ammonia.  Excess  of  Nitrogen  as  Total 

Color.      Besldiie.     Ignition.         Free.        Albamlnold.  Chlorine.     Nitrates.         Nltritee.         Kltrogcn. 

0.27       4.03       1.04       0.0011      0.0156       0.0      0.0060      0.0001      0.0326 
The  increase  is  :  — 

Total       Loss  on  Ammonia.  Nitrogvn  as  Total 

Color.     Besldne.     Igiiliion.        Free.        Albamlnold.   Chlorine.      Nitrates.         Nitrites.         Nitrogen. 
0.09      0.19      0.13      0.0010     0.0046       0.10      0.0041      0.0001       0.0123 

There  is  an  increase  iq  each  form  of  nitrogen,  that  of  the  free 
ammonia  and  nitrites  being  the  amount  that  might  be  expected  if 
the  sewage  were  reasonably  well  purified  by  filtering  through  the 
ground.  The  increase  in  nitrates  is  less  and  in  albuminoid  ammo- 
nia more  than  such  filtration  A^^ould  produce,  due  probably  to  the 
subsequent  action  of  microscopic  plants  which  appropriated  the 
nitrates  and  increased  by  their  substance  the  albuminoid  ammonia. 

There  is  no  indication,  in  this  general  summary,  of  sewage  being 
discharged  directly  into  these  sources ;  and  the  reduction  in  the 
quantity  of  the  organic  matter  of  the  sewage,  and  the  modifications 
through  which  it  has  passed,  indicate  that,  chemically,  there  is  very 
little  ground  for  concluding  that  harm  could  result  from  the  addition 
of  this  two  per  cent,  in  volume  of  what  1iad  been  sewage.  Whether 
germs  of  disease,  that  possibly  were  in  tha  sewage,  have  been  able 
to  resist  the  great  changes  that  have  taken  p^ace,  is  not  known. 

While  we  find  in  this  group,  as  a  whole,  an  increase  in  total 
nitrogen  of  a  little  more  than  one- third  of  tl>at  in  our  group  of 
unpolluted  waters,  we  do  not  find  it  in  form  fjiat  indicates  that 
sewage  came  directly  —  without  filtration,  or  material  modification 
by  organic  life  —  into  these  sources  ;  and  yet,  upoil  e.xamining  the 
diflTerent  sources,  we  find  two  into  which  we  know  se'W'age  has  been 
directly  discharged.  These  are  the  Merrimack  River  lit  Lowell  and 
at  Lawrence ;  and  we  find,  in  both,  the  amounts  of  nitrogen  in  its 
several  forms  are  less  than  the  average  of  the  group. 

These  sources,  then,  demand  more  careful  considei*tion.  The 
excess  of  chlorine,  over  that  which  belongs  to  the  whole  area  which 
they  drain,  was  found  to  be  0.06  parts  at  Lowell  and  0.07  parts  at 
Lawrence.  We  know  that  this  river  receives  chlorides,  in  large 
quantity,  from  some  of  its  manufacturing  establishroients ;  and  w^e 
must  turn  to  the  number  of  persons  living  on  the  difainage  area  to 
determine  how  much  of  the  chlorine  indicates  sewa^ge.     The  esti- 
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mated  population  on  the  dminage  area  above  Lowell,  at  the  time 
of  the  observations,  was  58  per  square  mile,  and  above  Lawrence, 
was  80  per  square  mile. 

If  twenty  persons  per  square  mile  ordinarily  add  0.01  part  to  the 
chlorine  as  stated  on  page  680,  the  excess  of  chlorine  due  to  sewage, 
at  Lowell,  would  be  0.03  parts,  and  at  Lawrence,  0.04  parts ;  and 
the  excess  above  this  of  0.03  parts,  which  maizes  up  the  observed 
excess,  must  be  attributed  to  the  manufacturing  establishments. 

The  excess  of  chlorine,  due  to  sewage,  is,  then,  but  about  one- 
third  of  that  of  the  average  of  the  group,  and  indicates  that  about 
seven-tenths  of  one  pefr  cent,  of  the  water  in  the  river  had  been 


We  have  now  to  see  how  much  of  the  sewage  probably  came 
directly  into  the  river  without  purification ;  and,  in  doing  this,  will 
limit  consideration  to  Lawrence,  whose  water  receives  the  greatest 
amount  of  such  sewage.  The  estimated  number  of  people  on  the 
whole  drainage  area  above  Lawrence,  whose  sewage  is  discharged 
directly  into  the  river,  or  into  some  of  its  branches,  is  165,000. 
If  60  gallons  of  sewage  per  person  enter  daily,  there  would  be 
10,000,000  gallons  a  day,  or  15.5  cubic  feet  per  second.  The 
actual  flow  of  the  river,  on  the  days  when  samples  were  taken, 
averaged  9,579  cubic  feet  per  second ;  hence  the  sewage  entering 
directly  would  amount  to  0.0016  of  the  water  of  the  river.  About 
one-half  of  this  sewage  enters  ten  miles  above  Lawrence,  and  the 
remainder  more  than  thirty  miles  above ;  each  above  long  reaches 
of  ponds  made  by  dams.  In  these  ponds  there  is  abundant  oppor- 
tunity for  a  part  of  the  organic  matter  of  the  sewage  to  settle,  to 
become  oxidized,  or  to  be  appropriated  by  plants  and  organisms  in 
the  river.  If  this  amount  of  sewage  were  added  to  this  quantity  of 
water,  with  no  chemical  change  or  appropriation  by  organisms,  we 
might  expect  an  increase  in  free  ammonia  of  0.0029  parts,  and  in 
albuminoid  ammonia  of  0.0008  parts,  or  0.0037  parts  of  total 
nitrogen;  and,  if  our  river  were  previously  like  our  average  of 
unpolluted  streams  having  the  following  amounts  of  nitrogen, — 


Free  Ammonia.      Albuminoid  Ammonia. 

0.0011                 0.0156 

Nltratei. 
0.0060 

Nitrites. 
0.0001 

Total  Nitrogen. 

0.0326 

there  would  result :  — 

Free  Ammonia.      Albaminoid  Ammonia. 
0.00:10                 0.0164 

Nitrates. 
0.0060 

Nitrites. 
0.0001 
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Total  Nitrogen. 

0.0363 

zed  by  LjOO 

gl 


694  WATER  SUPPLY  AND   SEWERAGE.  [Dec. 

while  the  actual  composition  of  the  water  of  the  river  at  Lawrence 
was  as  follows  :  — 

Free  Ammonia.       Albuminoid  Ammonia.  Nitrates.  Nitrltcf.  Total  XItTt)sen. 

0.0022  0.0178  0.0096  0.0003  0.0409 

While  in  this  case  the  large  proportionate  increase  in  the  free 
ammonia  above  that  of  our  unpolluted  water  indicates  the  addition 
of  sewage,  and  the  high  nitrites  indicate  recent  pollution  not  com- 
pletely oxidized  or  converted  into  nitrates,  we  must  still  conclude 
that  the  direct  addition  of  only  one- sixth  of  one  per  cent,  of  sew- 
age to  a  stream  cannot,  after  the  river  has  flowed  from  ten  to  thirty 
miles,  be  distinguished  with  certainty  by  chemical  tests  alone ;  we 
must  have  in  addition  the  actual  circumstances  of  the  case,  to  give 
due  weight  to  the  several  indications.  The  quantity  of  sewage 
added  becomes  so  greatly  diluted  and  modified,  while  so  large  a 
quantity  of  water  is  flowing  in  the  river,  that,  under  the  conditions 
of  high  water  for  the  two  years  of  these  observations,  this  water 
compares  favorably  with  the  poorer  half  of  the  surface  water  sup- 
plies of  the  State ;  and  the  amount  of  impurity  is  so  small  that,  as 
chemical  substances,  they  can  do  no  hann ;  but  we  have  yet  to  learn 
whether  disease  germs,  entering  with  the  sewage,  under  these 
circumstances,  can  survive  the  passage  of  ten  miles  down  the  river.* 

It  must  be  kept  in  mind,  in  regard  to  such  sources,  that  they 
grow  worse  from  year  to  year,  and  especially  that  in  time  of  drought 
the  sewage  continues  in  full  quantity,  while  the  river  water  grows 
rapidly  less.  At  such  time,  too,  while  the  modifying  conditions, 
such  as  the  appropriation  by  plants,  may  aflfect  the  same  amount  of 
water,  they  would  leave  a  larger  portion  of  impurity  unchanged. 
This  was  illustrated  when  the  first  low  water  occurred  after  the 
above  observations,  in  August,  1890 ;  when  the  flow  in  the  river 
was  only  2,300  cubic  feet  per  second,  or  about  one-quarter  of  the 
average  given  above,  the  free  ammonia  —  the  characteristic  ingre- 
dient of  sewage  —  increased  to  0.0 160  parts,  or  to  nearly  eight  times 
the  average  previously  found,  and  the  albuminoid  ammonia  increased 
to  0.0216  parts.  Here  it  is  evident  that  a  much  smaller  fraction  of 
the  entering  sewage  was  modified  in  its  passage  down  the  river,  and 
it  may  reasonably  be  assumed  that  at  such  time  disease  germs  are 
more  likely  to  reach  this  source. 

♦  Note.  —  The  prevalence  of  typhoid  fever  in  Lowell  in  the  fall  and  winter  of  1890,  followed 
about  a  month  later  by  its  prevalence  in  Lawrence,  giycs  strong  gronnd  for  oonclading  that, 
even  with  great  dilution  by  high  water  in  the  river,  the  germs  of  this  disease  are  able  to  Borvive 
the  passage  of  ten  miles  in  these  months. 
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Turning  to  the  other  sources  in  this  group,  we  find  Van  Horn 
Reservoir,  Springfield,  has  the  highest  free  ammonia,  0.0098  parts, 
with  0.05  excess  of  chlorine.  This  is  a  peculiar  source,  and  requires 
a  more  detailed  study  than  we  have  yet  been  able  to  give  to  it.  Most 
of  its  water  is  received  from  Ludlow  Reservoir,  whose  excess  of 
chlorine  is  only  0.01  part ;  and  we  have  not  yet  found  sufficient 
sewage  on  the  drainage  area  of  Van  Horn  Reservoir  to  account  for 
the  increase  of  0.04  parts  in  chlorine,  nor  for  the  increase  of  0.0079 
parts  in  the  free  ammonia. 

The  next  high  free  ammonia  is  that  of  Buckmaster  Pond,  supply- 
ing Norwood.  The  high  free  ammonias  were  at  a  time  of  low  water, 
and  were  accompanied  with  high  chlorine  —  the  excess  reaching 
0.14  parts  —  and  with  low  nitrates ;  all  of  which  would  indicate  that 
household  wastes,  or  washings  from  manured  land,  enter  this  source 
quite  freely ;  although  the  extremely  high  free  ammonia  in  the  winter 
of  1888  probably  occurred  at  that  time  because  of  the  decay  of  organ- 
isms which  had,  in  the  summer,  settled  to  the  bottom,  and  risen, 
with  the  turning  over  of  the  water,  in  winter. 

Reservoir  No.  3,  of  Sudbury  River  supply  to  Boston,  has  nitrogen 
in  its  different  forms  as  follows  :  — 

Free  Albnmtnofd  Excess  of 

Ammonia.  Ammonia.  Chlorine.  Nitrates.  Nitrites.  Total  Nitrogen. 

0.0049  0.0285  0.19  0.0218  0.0003  0.0729 

Our  average  of  unpolluted  streams  was  as  follows  :  — 

Free  Albnmtnold  Excess  of 

Ammonia.  Ammonia.  Chlorine.  Nitrates.  Nitrites.  Total  Nitrogen. 

0.0011  0.0156  0.00  0.0060  0.0001  0.0326 

The  excess  above  that  of  unpolluted  streams,  here,  is  as  follows  :  — 

Free  Albuminoid  Excess  of 

Ammonia.  Ammonia.  Chlorine.  Nitrates.  Nitrites.  Total  Nitrogen. 

0.0038  0.0129  0.19  0.0158  0.0002  0.0403 

If  the  excess  came  from  sewage  poured  directly  into  the  reservoir, 
we  might  expect  it  to  be  as  follows  :  — 


Free 

Albamlnofd 

Excess  of 

Ammonia. 

Ammonia. 

Chlorine. 

Nitrates. 

Nitrites. 

Total  Nitrogen. 

0.0680 

0.0199 

0.19 

0.0000 

0.0000 

0.0885 

If  the  sewage  were  imperfectly  filtered,  we  might  expect  it  to  be 
as  follows :  — 

Free  Ammonia.       Albuminoid  Ammonia.  Excess  of  Chlorine.  Nitrates.  Total  Nitrogen. 

0.0020       0.0010        0.19       0.0562       0.0595 
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and,  if  very  completely  purified  by  filtration,  we  might  expect  it  to 
be  as  follows  :  — 

Free  Ammonia.       Albuminoid  Ammonia.   Excess  of  Chlorine.  NItmtes.  Total  Nitrogen. 

0.0001  0.0003  0.19  0.0390  0.0396 

The  excess  of  0.19  parts  of  chlorine  indicates  that  about  four  per 
cent,  of  the  water  has  received  as  much  salt  as  ordinary  sewage.  A 
part  of  the  total  nitrogen  of  the  organic  matter  that  would  accompany 
that  amount  of  salt  has,  without  doubt,  been  appropriated  by  vege- 
table and  animal  growth  which  is  not  in  the  water.  The  part  which 
is  in  the  water,  expressed  by  the  excess  above  that  of  unpolluted 
streams,  is  in  such  form  that  we  must  conclude  that  all  of  it  has  not 
been  completely  purified  by  intermittent  filtration  through  the 
ground,  but  that  a  part  of  it  has  flowed  quite  directly,  with  imper- 
fect purification,  from  the  household  wastes,  into  this  source. 

Winchester  Storage  Reservoir  has  an  excess  of  chlorine  of  0.13 
parts,  and  an  average  free  ammonia  of  0.0033  parts.  As  the  water- 
shed was  reported  uninhabited,  these  results  indicating  household 
wastes  or  washings  from  manured  lands,  caused  further  examination 
to  be  made,  which  showed  that  a  portion  of  the  village  of  Stoneham 
extends  into  the  extreme  upper  end  of  the  watershed,  with  a  suffi- 
cient population  to  account  for  the  excess  of  chlorine  and  the  free 
ammonia. 

Stony  Brook  Storage  Reservoir,  of  Cambridge.  This  water  has 
an  excess  of  chlorine  of  0.09  parts,  which  is  greater  than  would  be 
expected  from  a  population  of  90  to  the  square  mile  on  its  drainage 
area. 

Its  nitrogen  is  as  follows  :  — 

Free  Albuminoid  Excess  of 

Ammoiita.  Ammonia.  Chlorine.  Nitrates.  Nitrites.  Total  Nitrogen. 

0.0033  0.0286  0.09  0.0151  0.0002  0.0649 

The  excess  above  our  unpolluted  stream  is  as  follows  :  — 

Free  Albuminoid  Excess  of 

Ammonia.  Ammonia.  Chlorine.  Nitrates.  Nitrites.  Total  Nitrogen. 

0.0022  0.0130  0.09  0.0091  0.0001  0.0323 

Like  Basin  No.  3  of  Boston's  supply,  this  indicates  that  a  part  of 
the  water,  bearing  the  salt,  has  flowed  quite  directly  with  imperfect 
purification  from  household  wastes  or  from  maQured  fields,  into  this 
source  ;  but  this  was  a  new  reservoir,  filled  for  the  first  time  during 
these  observations,  and,  in  common  with  some  other  now  reservoirs, 
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the  highest  free  ammonias  were  during  and  soon  after  filling. 
During  the  last  fourteen  months  they  averaged  only  two-thirds  as 
much,  and  thus  placed  this  water  with  those  whose  contributions 
from  household  wastes  have  been  reasonably,  but  not  very  com- 
pletely, purified  by  filtration. 

Hingham,  Fulling  Mill  Pond.  This  is  so  near  the  sea  that  there 
is  doubt  in  regard  to  the  excess  of  chlorine.  Its  high  free  ammonia 
was  confined  to  the  fall  of  1887.  The  water  was  then  drawn  off, 
and  the  bottom  cleaned,  after  which  the  free  ammonia  averaged 
0.0005  parts  from  May  to  December,  1888,  with  no  indication  that 
sewage  entered  without  being  thoroughly  purified. 

Quincy  Storage  Reservoir.  This  drainage  area  is  so  near  the  sea 
that  there  is  doubt  in  regard  to  the  excess  of  chlorine.  The  records 
cover  only  five  months  after  the  reservoir  was  filled,  in  which  the 
free  ammonia  averaged  0.0025  parts.  There  are  but  few  inhabitants 
upon  the  watershed,  and  there  has  been  more  impurity  in  the  water 
of  the  reservoir  than  in  the  water  of  the  brook  entering ;  hence  the 
reported  condition  may  be  a  temporary  one.  Longer  series  of 
observations  will  be  necessary  to  establish  the  permanent  character 
of  this  supply. 

Lake  Cochituate  has,  for  the  two  years,  had  nitrogen  in  its  differ- 
ent forms  as  follows  :  — 

Free  Albuminoid  Excesf  of 

Ammonia.  Ammonia.  Chlorine.  KItrates.  Nitrites.        ,     Total  Nitrogen. 

0.0026  0.0k07  0.20  0.0148  0.0003  0.0512 

The  excess  above  our  average  of  unpolluted  streams  is  as  follows :  — 

Free  Albuminoid  Excess  of 

Ammonia.  Ammonia.  Chlorine.  Kltratet.  Nitrites.  Total  Nitrogen. 

0.0015  0.0051  0.20  0.0088  0.0002  0.0186 

With  nearly  the  same  excess  of  chlorine  as  the  water  of  Reservoir 
No.  3,  the  excess  of  nitrogen,  in  its  several  forms,  is  only  about 
four-tenths  as  much ;  and  the  result  is  nearly  what  would  be  ex- 
pected if  the  sewage  which  supplied  this  chlorine  had  been  imper- 
fectly filtered  through  the  ground,  with  a  subsequent  reduction  of 
the  nitrates  by  microscopic  vegetable  growths,  which  appear  in  the 
analysis  as  albuminoid  ammonia.  But  the  condition  here  illustrates 
the  diflSculty  and  sometimes  the  impossibility  of  distinguishing 
between  a  small  quantity  of  sewage  imperfectly  filtered  in  the 
ground,  before  entering  the  pond,  and  the  same  quantity  of  sewage 
the  most  of  which  is  very  well  filtered  with  a  small  portion  entering 
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directly  without  filtration.  During  these  observations  sewage  from 
perhaps  1,000  people  entered  the  southern  division  of  the  lake, 
but  it  was  so  modified  in  character  during  its  slow  passage  for 
about  three  miles  from  section  to  section  of  the  lake,  separated  by- 
narrow  channels,  that  when  it  reached  the  northern  division  where 
the  samples  were  collected  the  analyses  do  not  enable  us  to  dis- 
tinguish it  from  sewage  imperfectly  filtered  through  the  ground. 

Westborough  Storage  Reservoir.  The  drainage  area  of  this 
source  is  mostly  wood-land,  and  has  a  very  small  population ;  its 
excess  of  chlorine  is  small,  and  yet  the  average  free  ammonia  is 
higher  than  should  accompany  the  chlorine,  and  indicates  decaying 
organic  matter  in  the  pond  or  entering  it  without  being  purified.  The 
observations  were,  however,  continued  but  one  year,  and,  in  this 
time,  a  dam  was  built  across  the  pond,  and  the  mud  and  vegetable 
matter  were  removed  from  one  section,  which  was  afterwards  filled 
with  water  and  used  as  the  source  of  supply.  In  the  last  three 
months  of  the  observations,  after  the  disturbance  due  to  the  changes 
had  passed,  there  was  no  excess  of  chlorine,  and  the  different  forms 
of  nitrogen  were  not  unlike,  in  amount,  those  of  unpolluted  sources. 

The  remaining  sources  of  this  group  have  free  ammonia  less  than 
the  average  of  the  group ;  and,  if  any  of  this  comes  from  sewage 
entering  the  source  directly,  it  is  in  so  small  quantity,  or  becomes 
so  modified  by  the  changes  due  to  new  orgamc  growth  in  the  water, 
that  it  can  no  longer  be  distinguished  as  imperfectly  purified  sewage. 

We  are,  however,  up  to  the  present  time  unable  to  say  how  much 
these  conclusions  may  be  modified  by  a  season  of  drought ;  because, 
in  each  year  covered  by  the  observations,  the  rainfall  has  been 
unusually  large. 

We  have  remaining  seven  sources  of  surface  water  supplies,  in 
which  the  excess  of  chlorine  exceeds  0.25  parts.  The  first  of  these, 
Lake  Saltonstall  in  Haverhill,  has  an  excess  of  0.30  parts,  and  has 
so  low  ammonias  and  nitrates  that  it  can  be  classed  with  the  pre- 
ceding cases,  in  which  the  sewage  has  been  reasonably  well  purified 
before  entering  the  pond. 

The  next,  Hobart's  Pond  in  Whitman,  has  an  excess  of  chlorine 
of  0.31  parts  per  100,000,  and  is  of  distinctly  different  character 
from  the  last.  Its  total  nitrogen  is  nearly  three  times  as  much  as 
the  last,  and  more  than  three  times  as  much  as  the  averasre  of 
the  sources  unpolluted  by  sewage.  Its  albuminoid  ammonia  is 
higher  than   the   highest   of  the   unpolluted  sources,  and   only  a 
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small  part  of  it  is  made  up  of  organisms  in  suspension.  The  high 
color  indicates  that  much  of  it  is  from  shallow  flowage  of  vegetable 
deposit.  It^  free  ammonia  is  mucli  more  in  excess  of  the  average 
of  unpolluted  waters  than  would  be  due  to  the  amount  of  sewage 
indicuted  by  the  chlorine,  if  it  were  in  the  condition  which  we  have 
called  reasonably  well  purified  by  filtration.  This  is  in  part  due  to 
the  periodical  formation  of  free  ammonia  by  the  decay  in  the  pond 
of  vegetable  organisms ;  but  the  free  ammonia  continues  higher, 
through  nearly  the  whole  year,  than  in  unpolluted  sources.  We 
must  conclude  that  the  villaojes  in  the  drainage  area  of  this  source 
contribute  sewage  more  directly,  and  with  much  less  complete  puri- 
fication by  filtration,  than  in  most  of  the  previously  considered  water 
supplies  ;  and  the  consequent  danger  from  disease  germs  not  being 
destroyed  is  presumed  to  be  greater. 

The  next  source,  Jamaica  Pond,  has  about  the  same  excess  of 
chlorine,  viz.,  0.33  parts,  and  has  still  higher  total  nitrogen,  indi- 
cating pollution  ;  and  its  average  free  ammonia  for  the  two  years  is 
very  much  greater,  being  0.0157  parts.  This  by  itself  w^ould  indi- 
cate direct  entrance  of  some  of  the  sewage;  but  the  quantity  of 
water  contained  in  this  pond  is  equal  to  the  whole  quantity  flowing 
into  it  in  three  years,  hence  any  impurities  which  enter  may  in  the 
long  time  be  appropriated  by  organic  growths  in  the  water,  which 
in  their  turn  decay  and  give  out  ammonia,  so  that  the  only  way  to 
determine  whether  sewage  enters  the  pond  directly  is  to  thoroughly 
examine  the  surroundings,  which  has  not  been  done. 

During  the  time  of  abundant  growth  of  organisms  the  free  am- 
monia of  the  water,  about  six  feet  below  the  surface,  becomes  very 
low  and  is  sometimes  reduced  to  zero.  These  organisms,  growing 
and  dying  through  the  summer,  settle  to  the  bottom,  where,  by  slow 
decay,  they  generate  ammonia;  and,  when  in  the  late  fall  and 
w^inter,  by  change  in  temperature  of  the  water,  the  bottom  water 
comes  to  the  surface,  it  brings  with  it  free  apimonia  amounting  to 
0.0300  or  0.0400  parts  per  100,000. 

That  the  high  albuminoid  ammonia  is  due  to  microscopic  organ- 
isms, is  indicated  by  the  fact  that  about  three-quarters  of  it  is  in 
suspension.  The  peculiarities  of  this  source  are  so  marked  that 
they  are  made  the  ^subject  of  study  in  a  subsequent  section. 

The  next  source  is  the  Arlington  Storage  Reservoir,  in  which  the 
excess  of  chlorine  is  0.36  parts.  Its  total  nitrogen  is  higher  than 
any  we  have  considered,  being,  however,  nearly  all  contained  in  its 
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albuminoid  ammonia,  — 0.0475  parts,  — and  nitrates,  — 0.0246  parts, 
—  while  its  free  ammonia  is  onljr  0.0024  parts. 

This  reservoir  having  a  muddy  bottom,  and  the  drainage  area 
being  largely  meadow  land,  some  of  which  is  overflowed  to  a  slight 
depth,  we  should  expect,  if  there  were  no  pollution  from  dwellings, 
nearly  as  high  albuminoid  ammonia.  The  high  color  also  indicates 
the  swampy  origin  of  the  albuminoid  ammonia.  The  low  free  am- 
monia and  high  nitrates  indicate  that  the  sewage  is  well  purified  by 
filtration  before  entering  the  reservoir. 

The  next  source,  Dug  Pond  in  Natick,  has  an  excess  of  chlorine 
of  0.44  parts.  Its  total  nitrogen  is  not  as  high  as  in  the  three  pre- 
ceding sources,  and  it  has  a  larger  proportion  of  nitrates.  This, 
and  the  comparatively  low  free  ammonia,  as  ordinarily  found 
in  the  analyses,  indicate,  that,  while  a  considerable  percentage 
of  the  water  has  been  in  contact  with  household  wastes,  it  has 
been  reasonably  though  not  completely  purified  by  filtration 
through  the  ground,  and  has  been  modified  by  organic  growth  in 
the  pond. 

The  next  source.  Fresh  Pond  in  Cambridge,  has  a  much  higher 
excess  of  chlorine,  owing  to  the  large  population  within  its  drainsige 
area.  This  average,  however,  includes  a  time  of  transition  from  a 
natural  pond  receiving  water  from  its  own  drainage  area  to  a  reser- 
voir receiving  most  of  its  water  from  a  comparatively  uninhabited 
district.  We  will  consider  its  condition  as  shown  by  the  analyses 
of  its  waters  during  five  months,  when  it  was  a  natural  pond.  The 
average  analysis  at  that  time  was  as  follows  :  — 

Total  Long  on  Ammonia.  ExceRs  of 

Nitrites. 

These  analyses  indicate  that  at  that  time,  although  the  excess  of 
chlorine  was  very  great,  there  was  no  direct  entrance  of  sewage  into 
the  pond,  and  that  all  water  that  had  been  in  contact  with  house- 
hold wastes  had  been  well  purified.  It  is,  however,  possible  that, 
in  the  season  of  rapid  growth,  included  in  these  five  months,  enter- 
ing organic  matter  may  have  been  so  rapidly  appropriated  by  the 
organisms  in  the  water  that  it  would  not  appear  in  the  analysis. 
If  so,  the  water  was,  at  that  time,  thus  pui'ified,  and  it  would 
require  a  complete  examination  of  the  surroundings  to  determine 
with  certainty  whether  any  sewage  entered  the  pond  without  being 
purified  in  the  ground. 
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We  now  reach  the  last  source,  Mystic  Lake  of  the  Boston  water 
supply,  which  has  the  extremely  high  excess  of  chlorine  of  1.55 
parts  per  100,000.  This  excess  cannot  be  attributed  entirely  to 
household  wastes,  because  some  of  the  tatineries  in  this  watershed 
are  far  from  sewers,  and  the  chlorine  from  their  wastes,  from  work- 
ing salt  hides,  must  ultimately  enter  the  stream.  We  have  not, 
then,  in  this  case,  our  ordinary  measure  of  water  from  household 
wastes. 

The  population  upon  this  drainage  area,  not  provided  with  sewers, 
is  about  820  per  square  mile,  which,  with  our  estimate  of  20  per 
square  mile  for  each  0.01  part  excess  of  chlorine,  would  give  an 
excess  of  chlorine  of  0.41  parts  per  100,000,  leaving  1.14  parts  to 
be  contributed  by  other  sources. 

We  do  not  know  how  much  organic  matter  would  accompany  the 
latter  portion  of  the  chlorine.  We  find  here  the  highest  total  nitro- 
gen in  any  of  the  sources,  and  much  of  this  in  the  objectionable  form 
of  free  ammonia,  indicating  much  pollution,  and  very  incomplete 
purification.  A  much  more  elaborate  study  of  the  several  streams 
which  supply  this  water  to  the  lake  would  be  necessary  to  determine 
to  what  extent  the  organic  matter  of  the  household  and  manufactur- 
ing wastes  is  made  over  into  new  forms  before  the  water  is  drawn 
from  the  lake. 

During  the  warm  months,  when  the  algae  and  other  organisms  are 
growing  rapidly,  and  the  surface  water  does  not  sink,  the  free 
ammonia  of  the  incoming  organic  matter  appears  to  be  appro- 
priated by  such  growth,  and  thus  reduced  to  about  one-third  of 
the  average  amount,  indicating  a  good  degree  of  purification  at 
such  time. 

As  the  cold  weather  comes  on,  the  surface  water,  growing  colder 
than  that  at  the  bottom  of  the  pond,  sinks,  and  the  bottom  water 
rises,  bringing  with  it  the  results  of  decaying  organic  matter  from 
the  bottom,  increasing  the  free  ammonia  in  the  water  drawn  from  the 
pond  to  nearly  three  times  that  of  the  average  for  the  year. 

This  high  free  ammonia  indicates  here,  as  well  as  in  sewage,  a 
state  of  decay ;  and,  although  the  nitrogen  of  this  decaying  organic 
matter  may  have,  in  large  part,  come  from  sewage,  we  are  unable  to 
•  say  whether  any  disease  germs,  that  may  have  been  associated  with 
it  in  sewage,  have  been  able  to  survive  the  various  changes  that  have 
occurred.  The  strongest  ground  for  concluding  that  they  have  not 
survived  is,  that  a  community  is  daily  drinking  this  water,  and  is 
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not  known  to  be  troubled,  more  than  other  communities,  with  the 
diseases  attributed  to  disease  geims. 

Such  a  conclusion  presents  no  ground  for  safety  under  unusual 
conditions,  such  as  an  epidemic  of  a  germ  disease  upon  this 
drainage  area,  or  the  introduction  of  a  disease  whose  germs  are 
better  adapted  to  survive  the  changes  that  are  here  taking  place. 

Ground  Waters. 

The  water  supplies  of  the  State,  derived  directly  from  springs, 
which  are  shown,  by  their  chlorine  and  from  the  absence  of  habita- 
tions upon  their  drainage  areas,  to  be  unpolluted  by  sewage,  are  few 
in  number ;  but  they  are  characteristic. 

Those  coming  directly  from  the  ground,  and  not  exposed  to  sun- 
light, are  arranged  in  the  following  table  in  the  order  of  their 
nitrates :  — 

[Parts  per  100,000.] 


Sonrce. 

i 

Bksidub 

OH  EVAPO- 
KATION. 

AlfMOSIA.. 

NlTKOGEK 
AS 

s 

1 

CITT  OR 

H 

ii 

1 

ALDCMINOID. 

1 

• 
1 

s 

Town. 

^ 

i| 

3  a. 

1 
& 

Amherst,    . 

SprlngSi 

0.00 

2.9$ 

- 

.0001 

.0024 

- 

.0067 

.0000 

.0107 

.01 

Mansfield,  . 

Well.      .       .       . 

0.00 

.2.73 

- 

.0000 

.0014 

"- 

.0083 

.0000 

.0106 

.01 

Uxbrldge,  . 

Covered  reservoirs, 

0.00 

2.53 

- 

.0001 

.0009 

- 

.0118 

.0000 

.0134 

- 

Warren,     . 

Springs, 

0.00 

4.10 

- 

.0000 

.0011 

- 

.0242 

.0001 

.0261 

.02 

Williamstown,  . 

Spring,  . 

0.00 

13.06 

- 

.0001 

.0007 

- 

.0486 

.0000 

.0408 

.00 

Average, 

0.00 

5.26 

- 

.0001 

.0013 

- 

.0190 

.0000 

.0221 

- 

The  characteristics  of  these  ground  waters  are  freedom  from  color; 
free  ammonia  and  nitrites  exceedingly  §mall,  or  wanting;  low 
albuminoid  ammonia,  and  varying  nitrates ;  with  varying,  but  low, 
total  nitrogen. 

Another  group  of  unpolluted  ground  waters,  diflFering  from  the 
former  in  being  exposed  to  sunlight  after  coming  out  of  the  ground, 
is  contained  in  the  following  table  :  — 
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[Parta  per  100.000.1 


Sotiro6< 

^ 

Bksidui 

OK  EVATO- 
RATIOK. 

AXKOXIA. 

NlTBOQBN 
AS 

'  i 

^ 

ClTT  OB 

1 

i 

1 

ALBUMINOID.  | 

1 

1 

Towsr. 

1 

A 

Orwige, 

SprlDg,  . 

0.05 

3.10 

. 

.0000 

.0076 

- 

.0030 

- 

.0153 

.01 

Agawam,   . 

Springe, . 

0.00 

8.14 

- 

.0005 

.0015 

- 

.0080 

.0000 

.0109 

.03 

Newton,*  . 

Filter  basin,  .        . 

0.01 

4.68 

- 

.0086 

- 

.0082 

.0001 

.0220 

.02 

Cheghire,   . 

Storage^reservoir, . 

0.00 

4.24 

- 

.0001 

.0030 

- 

.0130 

.0000 

.0178 

- 

ABbbamham,    . 

Storage  reservoir, . 

0.02 

2.52 

- 

.0003 

.0077 

- 

.0191 

.0001 

.0821 

.03 

Newburyport,   . 

Well  and  Up  in  city. 

0.03 

6.80 

- 

.0004 

.0082 

- 

.0312 

.0001 

.0367 

.00 

ATerage,     . 

0.02 

8.84 

- 

.0008 

.0052 

- 

.0137 

.0001 

.0-i2o 

*  If  any  considerable  fraction  of  this  supply  comes  from  the  river,  whose  normal  chlorine  is  less 
than  that  of  the  locality,  the  excess  of  chlorine  would  be  greater  than  here  given,  and  this  source  would 
be  excluded  from  this  group. 

From  the  preceding  section,  we  bring  for  comparison  the  average 
analysis  of  our  unpolluted  surface  waters  :  — 


Total 

Lo88  on 

Ammonia. 

Total 

Color. 

Besldue. 

Igiiltiuu. 

Tree.           Albuminoid. 

Nitrates. 

Kitrltet. 

Kitrugcn. 

0.27 

4.03 

1.04 

0.0011          0.0156 

0.0060 

0.0001 

0.0326 

Comparing  the  ground  waters,  unpolluted  by  sewage,  with  sur- 
face waters,  we  see  the  essential  differences  in  the  two  classes. 
When  they  have  the  same  amount  of  total  nitrogen,  the  ground 
waters  have  only  about  one-tenth  as  much  free  and  albuminoid  am- 
monia, with  five  times  as  much  nitrogen  as  nitrates.  Whereas,  in 
surface  waters,  the  great  variations  in  nitrogen  were  in  the  form  of 
organic  nitrogen,  here  we  find  that  in  ground  waters  the  organic 
matter  has  been  oxidized  or  burned  in  it^  passage  through  the 
ground,  and  the  nitrogen,  or  a  part  of  it,  that  existed  in  organic 
matter,  now  exists  in  mineral  matter,  as  nitrates. 

Experiments  upon  intermittent  filtration,  of  both  sewage  and 
water,  show  that  the  total  amount  of  nitrogen  found  in  water  after 
it  has  percolated  through  the  ground  and  become  nitrified  is  less 
than  when  it  was  on  the  surface,  by  twenty-five  or  fifty  per  cent. ; 
and  here  we  find  the  totjil  nitrogen  in  the  unpolluted  ground  water, 
which  contains  the  most,  to  be  about  two-thirds  of  the  amount  con- 
tained in  the  unpolluted  surface  water,  which  contains  the  most ;  and 
the  same  relation  between  the  average  total  nitrogen  of  the  ground 
and  surface  waters.     From  which  we  may  conclude  that  our  short 
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list  of  unpolluted  ground  waters  includes  nearly  the  whole  range  of 
the  variation  in  total  nitrogen,  or  of  nitrates,  that  we  are  likely  to 
find  in  unpolluted  ground  waters. 

The  average  of  the  analyses  of  the  first  group  is  as  follows  :  — 


ToUl 

Ammonia. 

ToUl 

Color. 

Besldae. 

Froo.             Albamlnoid. 

titrates. 

Kitrltefl. 

Kitrugen. 

0.00 

5.26 

0.0001            0.0013 

0.0199 

0.0000 

0.0221 

In  the  second  group  of  unpolluted  ground  waters,  which  have 
been  slightly  modified  by  exposure  to  light,  the  total  nitrogen  aver- 
ages almost  exactly  the  same  as  that  of  the  first  group ;  but  the 
different  forms  of  nitrogen  are  proportioned  differently. 

The  average  analysis  of  the  six  sources  is  as  follows  :  — 


TotAl 

Ammonia. 

Total 

Color. 

Bosldue. 

Fre«.             Albuminoid. 

Nitrate*. 

Nitrites. 

NltroRen. 

0.02 

3.8-1 

0.0003          0.0062 

0.0137 

0.0001 

0.0225 

Here  the  nitrates  are  reduced,  and  the  albuminoid  ammonia  in- 
creased by  about  the  same  amount  of  nitrogen.  This  is,  without 
doubt,  due  to  the  appropriation  of  nitrates  by  the  microscopic  vege- 
table organisms  found  in  most  of  these  waters,  which,  in  the  sub- 
stance of  these  organisms,  becomes  organic  nitrogen,  and  appears 
in  the  analyses  of  the  water  as  albuminoid  ammonia. 

The  close  agreement  in  the  total  nitrogen  of  these  two  groups  of 
unpolluted  waters,  —  and  this  being,  as  we  should  expect,  about 
two-thirds  of  the  total  nitrogen  of  the  unpolluted  surface  waters, — 
enables  us  reasonably  to  conclude  that  the  above  average  analysis 
of  unmodified  ground  waters  expresses  nearly  the  relation  of  tho 
different  forms  of  nitrogen  to  be  found  in  unpolluted  ground  waters, 
but  that  in  extreme  cases  the  quantity  of  each  form  may  be  from 
two  to  two  and  a  half  times  the  average  quantity. 

Before  examining  the  different  forms  of  nitrogen  in  the  w^aters 
taken  from  the  ground,  which,  by  an  excess  of  chlorine,  show  that 
they  have  been  polluted  by  sewage,  we  will  first  take  all  of  such 
waters  and  compare  their  excess  of  chlorine  with  their  excess  of 
total  nitrogen  above  0.0221  parts  per  100,000,  or  above  the  aver 
age  found  in  our  unpolluted  ground  waters.  ^ 

They  have  been  placed  in  the  following  table,  in  the  order  estab- 
lished by  the  number  of  times  the  excess  of  total  nitrogen  is 
contained  in  the  excess  of  chlorine :  — 
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Source. 


Excess  of 

Total  Nitrogen 

over  .0221. 


Excess 
of  Chlorine. 


B 


Katio. 
B 
A 


Wayland, 

Ware 

BlonghtoD, 

Bedham,* 

Chicopee  Falls, 

KlDgaton, 

TTelleales', 

Frank  Hd, 

Concord  Reformatoi^,  . 

Sharon 

Ayer,        .... 

Middlcborough, 

Arlington, 

EastoD 

Hopkinton, 
Chicopee, 
Bralntree, 

Grafton,  .... 
Milford,    .... 
Watertown,*  . 
Whitman, 
Hyde  Park,*    . 
Bridgewater,*         .  '    . 
Attleborough,* 
Waliham,*      . 
FnuniDgbam,  .       • 
Brookline,*     . 
Taanton,*       .       .       • 
North  Attleborongh,     • 
Wobum, .       .       •       • 


Filter  gallery,  . 
WeU,  .  . 
Well,  .  . 
Well,  .  . 
Springs,  , 
Well  and  gallery, 
Filter  gallery, . 
Wells,      .       . 


WeUs, 
Well, 


Well,        ,       . 
Well, 

Filter  gallery, . 
Well.        .       , 


Wells,      .... 

Springs 

Filter  gallery, . 

Wells  and  springs, . 

Wells,      .... 

Filter  gallery, . 

Filter  gallery,  . 

Wells  near  river,     . 

Wells  near  river,     . 

Filter  gallery  and  wells. 

Filter  basin,     • 

Filter  gallery,  •       • 

Filter  gallery, . 

Filter  baain,     • 

Well  near  pond  and  river. 

Filter  gallery, .       • 


.0526 
.2790 
.8175 
.2458 
.0400 
.0812 
.0397 
.2036 
.9415 
.1676 
.0437 
.1378 
.0792 
.0370 
.3904 
.0238 
.0809 
.2404 
.0114 
.0378 
.0359 
.0463 
.0127 
.0863 
.0155 
.0217 
.0147 
.0120 
.0126 
.0194 


.08 
.52 

1.79 
.64 
.11 
.23 
.12 
.67 

8.20 
.59 
.17 
.54 
.82 
.15 

1.69 
.11 
.43 

1.34 
.07 
.28 
.28 
.87 
.11 
.81 
.16 
.23 
.17 
.19 
.26 

2.05 


1.52 
1.87 
2.19 
2.60 
2.75 
2.83 
3.02 
3.29 
3.40 
8.52 
8.89 
3.92 
4.04 
4.05 
4.38 
4.62 
5.32 
5.57 
6.14 
7.41 
7.80 
7.98 
8.66 
9.38 
10.32 
10.60 
11.48 
15.83 
20.63 
105.77 


*  The  normal  chlorine  used  for  these  wells  and  galleries  near  rivers  is  the  normal  for  the  locality. 
If  the  relative  quantity  of  water  received  into  the  gallery  from  the  river  and  from  the  land  side  had  been 
known,  the  normal  for  their  mixture  could  have  been  determined.  This  would  have  been  in  all  of  these 
cases  somewhat  less  than  that  used,  thus  making  the  excess  and  the  ratio  somewhat  greater  than  here 
given. 

The  first  and  last  in  the  table  are  exceptional.  The  first,  which 
cannot  properly  be  called  a  ground  water,  is  from  a  gallery  close  by 
the  shore  of  an  unpolluted  surface  water,  which  contains  an  extremely 
large  amount  of  total  nitrogen ;  and  the  last  is  from  a  gallery  by 
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the  shore  of  a  pond  which  has  received  a  large  excess  of  chlorine 
from  tanneries  treating  salted  hides. 

Of  the  remaining  sources,  we  find  that  all  in  which  the  excess  of 
total  nitrogen  is  less  than  one-sixth  of  the  excess  of  chlorine  are  filter 
galleries  or  wells  on  the  banks  of  streams  or  ponds  from  which  they 
derive  much  of  their  water.  Although  their  waters  are  taken  out  of 
the  ground,  they  difier  from  true  ground  waters.  They  are  surface 
waters  which  have  been  strained  and  in  some  cases  purified  by 
passing  through  porous  material. 

There  are  two  conditions  which  generally  exist  with  all  of  these 
ground  water  supplies.  The  first  is  that  the  location  is  generally 
selected  so  far  from  any  apparent  source  of  pollution,  by  sewage, 
that  such  polluted  water  flows  through  the  ground  intermittently, 
and  becomes  more  or  less  purified  by  oxidation,  converting  the 
organic  matter  into  nitrates,  as  in  intermittent  filtration.  These 
nitrates  are  soluble,  and  the  larger  part  of  their  nitrogen  is  taken 
along  to  the  source  of  supply,  and  makes  up  a  part  of  the  total 
nitrogen. 

The  other  condition  is,  that,  under  the  statute  in  Massachusetts, 
no  sewage  from  water-closet^  or  privies  can  be  turned  directly  into 
any  stream  or  pond  on  the  banks  of  which,  for  a  distance  of  twenty 
miles  below,  there  is  a  filter  basin  from  which  water  is  used  for 
drinking.  On  this  account  the  sewage  of  the  inhabitants  on  the 
watersheds  of  the  streams  and  ponds,  near  which  our  filter  galleries 
are  situated,  first  goes  into  the  ground,  and  is  4,o  »  considerable 
extent  purified,  before  it  enters  the  stream;  while  in  the  stream  or 
pond,  growing  organisms,  both  animal  and  vegetable,  appropriate  a 
part  of  the  nitrogen,  and,  when  the  water  is  again  passed  through 
sand,  on  its  way  to  the  gallery,  these  organisms  are  excluded,  and 
the  total  nitrogen  is  reduced.  Each  of  these  processes,  of  a  change 
of  form,  or  removal,  of  nitrogen,  is  an  important  step  in  the  purifica- 
tion of  the  water  from  the  original  pollution  by  sewage.  In  these 
steps  there  is  no  decrease  in  the  chlorine ;  hence  we  find  that,  when 
the  water  has  passed  through  the  two  processes  of  purification,  there 
is  much  less  excess  of  total  nitrogen  in  proportion  to  the  excess  of 
chlorine  than  when  it  has  passed  through  but  one  process,  as  in  the 
more  properly  called  ground  waters. 

The  latter  are  to  be  found  in  the  upper  part  of  the  table,  and  con- 
tain an  excess  of  total  nitrogen  from  one-half  to  one-sixth  of  the 
excess  of  the  chlorine. 
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When  the  excess  of  chlorine  is  more  than  this,  we  may  look,  for 
the  source  of  the  water,  to  a  surface  water  from  which  a  part  of 
the  nitrogen  has  been  removed,  or  to  a  source  of  pollution  in  which 
more  chlorine  enters  than  usually  accompanies  sewage,  as  may  be 
found  in  some  manufacturing  wastes. 

Turning  to  the  extreme  case  of  the  intermittent  filtration  of  sew- 
age, we  find,  from  the  results  obtained  at  the  Lawrence  Experiment 
Station,  that  when,  as  in  the  ordinary  condition,  the  total  nitrogen 
of  the  sewage  was  about  one-half  as  many  parts  per  100,000  as  the 
chlorine,  the  effluent  that  was  regarded  as  very  completely  purified 
contained  one-fifth  as  much  total  nitrogen  as  chlorine,  and  the 
effluent  that  was  less  completely  purified  contained  about  one-third 
as  much  total  nitrogen  as  chlorine. 

From  this  general  view  we  will  turn  to  the  examination  of  the  sev- 
eral sources  of  ground  water  supplies  that  are  shown,  by  their  excess 
of  chlorine,  to  have  been,  at  some  time,  polluted  by  sewage. 

Of  the  ground  waters  which  are  shown,  by  their  chlorine,  to  have 
from  one  to  five  per  cent,  of  their  volume  of  water  which  had  been 
in  contact  with  household  wastes,  we  find  eleven  sources,  which  give 
the  fgllowing  average  analysis  :  — 


Cblor. 

Total                      Ammonia.                  Excess  of 
Besldne.            Free.          Albuminoid.     Cblortne.          Nitrates. 

Nitrites. 

Total 
Nitrogen. 

0.02 

5.16        0.0004        0.0034        0.15        0.0467 

0.0001 

0.0523 

The 

average  analysis  of  the  unpolluted  ground 

water  was 

:  — 

Color. 

Total                      Ammonia.                   Excess  of 
Residue.           Free.            Albamlnoid.      Cblorlnc.    '     Nitrates. 

Nitrites. 

Total 
NitroKen. 

0.00 

6.26        0.0001         0.0013         0.00         0.0199 

0.0000 

.0221 

and  the  average  increase,  with  an  excess  of  chlorine  of  0.15,  is  as 
follows :  — 


ToUl 

Ammonia. 

Excess  of 

Color. 

Residae. 

Free.           Albamlnoid. 

Chlorine. 

Nitrates. 

Nitrites.     . 

0.02 

0.10 

0.0003           0.0021 

0.15 

0.0268 

0.0001 

0.0302 

Taking  the  same  character  of  sewage  that  we  introduced  in  discus- 
sing surface  waters,  we  shall  find  that  an  increase  of  0.15  parts  per 
100,000  in  chlorine  would,  if  the  sewage  were  poured  directly  into 
the  source  without  purification,  increase  the  several  forms  of  nitrogen 
as  follows :  — 

Free  Ammonia.   Albamlnoid  Ammonia.        Nitrates.  Nitrites.  Total  Nitrogen. 

0.0546  0.0159  0.0000  0.0000  0.0708 
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If  very  completely  purified,  by  filtration ,  as  follows  :  — 


Free  Ammonia.  Albuminoid  Ammonia. 

0.0001  0.0002 


NltratM. 
0.0310 


NltrltM. 
0.0000 


If  less  completely  purified  by  filtration  :  — 


Free  Ammonia.  Albuminoid  Ammonia.      Kitrates. 

0.0016      0.0008      0.0450 


Kltrltes. 
0.0000 


Toul  Kitrogen. 
0.03U 


Total  KItmircn. 
0.047G 


The  increase  in  total  nitrogen  of  this  group  is  just  one-fifth  of 
the  excess  of  chlorine,  which  is  the  relation  which  exists  in  our  very 
complete  purification  by  filtration.  The  small  free  and  albuminoid 
ammonias  indicate  that  no  sewage  comes  directly,  without  purifi- 
cation, into  these  sources.  The  greater  increase  in  the  free  and 
albuminoid  ammonias  and  the  less  increase  in  nitrates  than  we 
would  expect  with  the  very  complete  purification  indicated  by  the 
total  nitrogen  suggests  that  some  of  these  sources  are  exposed  to 
the  light,  and  that  some  are  surface  waters  that  have  been  purified 
a  second  time  by  passing  through  the  ground. 

The  analyses  of  the  water,  from  the  several  sources,  are  given  ia 
the  following  table  :  — 

Analyses  of  Ground  Water  Supplies  which  contain  an  Excess  of  Chlorine  of  from 
0.07  Paris  to  0.26  Paris  per  200,000,  arranged  in  the  Order  of  their 
Nitrates. 


Source. 

i 

6 

Krsiddb 

ON  EVAPO- 
BATION. 

Ammokia. 

NlTKOGKX 
AS 

B 

8 

C 

.1 

CITT 

H 

1* 

i 

ALBUMINOID. 

i 

2 

1 

ll^ 

OR  Towx. 

1 

ii 

5  'l 

Milford, 

Wells, 

0.01 

3.71 

- 

.0000 

.0031 

- 

.0283 

.0001 

.0835 

.07 

Waltham,*    . 

Filter  basin, 

0.00 

6.62 

- 

.0008 

.0045 

- 

.0202 

.0003 

.0374 

.16 

Brookline,*  . 

Filter  gallery,     . 

0.03 

6.79 

- 

.0003 

.0041 

- 

.0209 

.0000 

I.036S 

.17 

Brldgowator,* 

Wells, 

0.02 

4.20 

- 

.0011 

.0016 

- 

.0312 

.0001 

.0348 

.11 

No.  Attleboroligh, 

Well 

0.00 

6.23 

- 

.0001 

.0014 

.0315 

.0000 

.0347 

.26 

Chicopee, 

Band  Bank  Pond, 

0.00 

3.75 

- 

.0006 

.0056 

.0407 

.0001 

.0459, .11 

Chlcopee  Falls,     . 

Springs, 

0.18 

4.17 

- 

.0004 

.0091 

- 

.0467 

.0002 

.0621. .11 

BaatoD.  . 

Well 

0.00 

4.28 

- 

.0002 

.0016 

- 

.0563 

.0000 

.0591  .15 

WellOfcley,     . 

Filter  gallery,     . 

0.00 

6.45 

- 

.0002 

.0022 

- 

.0580 

.0000 

.061S  .12 

Ayer,     .       .       . 

Well 

0.00 ' 

5.16 

-! 

.0004 

.0017 

- 

.0626 

.0001 

.0658  .17 

Kingston,      . 

Well  and  Alter  gallery. 

0.00 

5.30 

" 

.0002 

.0021 

- 

.0995    .0002' 

.1038  .23 

Average,    . 

0.02 

5.16 

.0004 

.0034 

- 

.0467    .0001 

.0523  .15 

*  See  note  at  bottom  of  table,  page  705. 
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Upon  examination  of  those  among  these  sources  which  are  not 
exposed  to  light,  they  are  found  to  contain  but  about  one-half  as 
much  free  and  albuminoid  ammonia  as  those  which  are  exposed  to 
the  light. 

Four  of  these  sources  —  Walthaih,  Brookline,  Bridge  water  and 
North  Attleborough  —  are  filter  galleries  or  wells,  on  the  banks  of 
rivers.  Their  excess  of  total  nitrogen  is  from  one-eighth  to  one- 
nineteenth  of  their  excess  of  chlorine,  because  they  have  been 
doubly  purified,  first  as  surface  waters,  and  then,  to  a  good  degree, 
though  not  very  perfectly,  as  ground  waters.  If  this  last  j)roces8 
had  been  more  complete,  their  free  and  albuminoid  ammonias  would 
have  been  somewhat  lower.  We  must,  however,  conclude  that 
these  waters  have  been  very  well  purified  from  the  sewage  pollution 
that  at  some  time  entered  them. 

Four  of  the  sources  —  Cbicopee  Falls,  Kingston,  Wellesley  and 
Ayer  —  have  excess  of  tot^l  nitrogen  about  one-third  of  their 
excess  of  chlorine,  which,  together  with  their  free  and  albuminoid 
ammonias,  places  them  a  little  below  those  which  we  have  called 
very  completely  purified  by  filtration. 

The  remaining  sources  —  Easton,  Chicopee  (exposed  to  light) 
and  Milford  —  indicate,  by  their  total  nitrogen  and  their  ammonias, 
that  they  are  very  completely  purified  by  filtration. 

From  experiments  made  at  Lawrence,  it  appears  reasonable  to 
<;onclude  that,  when  polluting  organic  matter  has  become  so  com- 
pletely nitrified  as  in  these  cases,  which  we  have  called  very  com- 
pletely purified  by  filtration,  the  bacteria  that  accompanied  the 
polluting  organic  matter  are  destroyed. 

Our  next  group  contains  twelve  sources  of  supply,  in  which  the 
excess  of 'chlorine  is  above  0.26  parts. 

The  several  analyses  are  as  follows :  — 
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Ground  Waters  in  which  the  Excess  of  Chlorine  is  above  0.26  Parts  per  lOOyOOO, 
arranged  in  the  Order  of  Nitrates, 


Source. 

RE8IDCK  OS     ■ 
EVAPORAIIOX.  , 

^ 

iMUOSIA. 

NiTROCKX 
AS 

1 

1 

<:iTT  OR  TOWK. 

1 

?1 

ALBUMINOID. 

1  i 

s 

g 

t 

o 

1 

;    "3 

3 

Free. 
Total 

n 

■     2 

5 

§ 

•i 

Watertown,*     . 

Kilter  gallery, 

0.00 

6.98 

-     i 

.0002     .0035 

- 

.0540 

.0000' 

.0599     .2$ 

Hyde  Park.*      . 

Tubular  wella, 

0.00 

6.10 

- 

.0002 

.0019 

- 

.0649 

.0002 

1 

.0684,    .87 

1 

Bralntrec,  . 

Filter  gallery, 

0.07 

7.14 

- 

.0006     .0045 

" 

.0954 

.0003  '  .1030  '    .43 

1 

Attleborough,*  . 

Well,       . 

0.02 

9.13 

- 

.0016'  .0032 

- 

.1007 

.0011  ' 

.10S4,    .SI 

Middleborough, 

Well.       . 

0.00 

8.61 

- 

.0002     .0023 

- 

1 .1559 

.0001 

.1599 

.54 

Sharon, 

Well,       . 

0.00 

7.99 

- 

.0001     .0007 

j 

- 

.1884 

.0001 

.1897 

.59 

FrankllQ,   . 

Well,       . 

0.01 

8.77 

-      ' 

.0001     .0015 

- 

.2230 

.0002' 

' .2257      .67 

Grafton,     . 

Gullery,  . 

COO 

10.76 

.0002     .0023 

1 

- 

.2585 

.0001' 

1 

.2625    1.34 

Dedhara,*  . 

Wi  11,       . 

0.00 

10.57 

. 

.0002 

.0012 

- 

.2658 

.0000 

.2879 

.64 

Ware, 

Well,       . 

0.00 

7.51 

- 

.0000 

.0011 

- 

.2991 

.0002' 

|.3011 

.52 

Hopkinton, 

Tubular  wells. 

0.00 

14.67 

- 

.0001 

.0017 

- 

1.4095 

.0001 

.4125 

1.69 

Stougfaton, 

Well,       .        . 

0.01 

17.34 

- 

.0013 

.0040 

- 

'.8280 

.OMO 

.8386 

1.79 

Average, 

0.01 

9.63 

- 

.0004 

.0023 

- 

.2455 

.0005 

.:M99 

.81 

*  See  note  at  bottom  of  table,  page  705. 


The  average  of  this  group  has  the  following  excess  above  the 
average  of  our  unpolluted  ground  waters  :  — 


Resldao  on 

Free 

Albuminoid 

Total 

Excess  of 

Color. 

Evaporation. 

Ammonia. 

Ammonia. 

Nitrates. 

Nitrites. 

Nitrogen. 

Chlurine. 

0.01 

4.37 

.0003 

.0010 

.2256 

.0005 

.2288 

.81 

If  we  omit  the  two  which  have  the  highest  free  ammonia,  the 
average  of  the  group  would  be  :  — 


Free  Ammonia.   Albuminoid  Ammonia.    Nitrates. 

.0002  .0021  .2U17 


Nitrites. 
.0001 


Total  Nitrogen.   Excess  of  C*hlorinc. 

.2051  .71 


The  excess  above  the  average  of  unpolluted  waters  would  be : 


Free  Ammonia.  Albuminoid  Ammonia.    Nitrates. 
.0001  .0008  .1818 


Nitrites. 
.0000 


Total  N  itmgen.    Excess  of  Chlorine. 
.1840  .71 


The  excess  of  the  total  nitrogen  being  but  about  one-quarter  of 
the  excess  of  chlorine,  and  this  being  nearly  all  in  the  harmless  form 
of  nitrates,  and  the  excess  of  free  and  albuminoid  ammonias  being 
so  very  small,  we  must  regard  the  water  of  the  group,  as  it  stands 
after  the  omissions,  as  very  completely  purified. 
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Examining  these  sources  in  detail,  we  find  three  of  them  —  Water- 
town,  Hyde  Park  and  Braintree  —  have  low  total  nitrogen  in  pro- 
portion to  their  chlorine,  because  they  receive  water  freely  from  a 
surface  water  near,  and  the  low  ammonias  of  the  first  two  indicate 
that  they  belong  in  the  class  indicated  by  the  group  ;  but  the  aver- 
age given  in  the  table  for  Braintree,  and  the  still  higher  ammonias 
found  in  the  spring  and  early  summer  of  1887  and  1888,  indicate 
tljat  there  are  times  when  this  water  is  not  so  well  purified. 

All  of  the  other  sources,  having  ammonias  so  little  in  excess  of 
unpolluted  waters,  —  although  in  some  cases  their  excess  of  total 
nitrogen  is  a  very  large  fraction  of  the  excess  of  chlorine,  —  must 
*be  regarded  as  very  completely  purified  by  filtration. 

Returning  to  the  two  sources  omitted  on  account  of  their  higher 
free  ammonia,  we  find  that  one  of  them  —  Attleborough  —  has  a 
filter  gallery  and  wells  by  the  side  of  Ten  Mile  River.  The  low 
excess  of  nitrogen,  being  but  one-ninth  of  the  excess  of  chlorine, 
would  place  this  water  among  the  surface  waters  again  purified  ;  but 
the  excess  of  the  chlorine  of  the  gallery  above  that  of  the  river, 
:?hows  that  free  communication  does  not  exist ;  and  the  only  expla- 
nation that  appears  probable  is  that  most  of  the  polluted  water 
comes  so  far  through  the  ground  that  it  is  very  completely  purified, 
hut  that  a  small  percentage  comes  from  a  short  distance,  and  is  im- 
perfectly Y)urified,  and  thus  brings  with  it  more  of  ammonia  than 
we  should  expect  from  the  small  amount  of  total  nitrogen.  This 
conclusion  is  confirmed  by  the  unusually  high  nitrites  of  this  source. 

The  other  omitted  source  is  that  of  Stoughton,  a  well  thirty  feet 
deep  in  the  centre  of  the  village.  The  excess  of  total  nitrogen  is 
very  large,  compared  with  the  excess  of  chlorine,  and  both  indicate 
that  the  water  has  been  very  seriously  polluted  by  sewage ;  but  the 
small  ammonias  indicate  that  it  has,  in  general,  been  well  purified, 
although  not  what  we  have  called  very  completely  purified,  by 
filtration.  An  increase  in  the  ammonias  and  in  the  nitrites  in  the 
winter  of  1887-88  shows  a  less  purification  at  that  time,  and  indicates 
danger  in  the  use  of  a  water  which  has  been  so  highly  charged  with 
organic  matter,  and  which  depends,  for  its  purification,  upon  circum- 
stances that  vary  from  time  to  time. 

We  have  two  other  sources  of  ground  waters  exhibiting  peculi- 
arities which  it  would  be  well  to  compare.  One  is  from  the  Woburn 
Filter  Gallery,  on  the  shore  of  Horn  Pond,  and  the  other  from  wells 
at  the  State  Reformatory  at  Concord,  which  receive  water  filtered 
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from  the  sewage  of  the  institution 


These  wells  are  not  now  used 
as  a  source  of  water  supply. 

The  average  analyses  are  as  follows  :  — 


ClTT 

OR  Town. 

Sonrco. 

1 

Wobnrn,   . 
Concord,   . 

Filter  gallery,  . 

Bute  Reformatory  wells, 

0.00 
0.01 

UEKIDI'R 

osr  Evapo- 
ration.     ' 

Ammoxia. 

KiTBOOEN 
AS 

1 

1 

i  ! 

1 

ALBUMIKOID. 

1 

g 

^ 
a 

g 

1 

•5  £ 

5^ 

1 

i 

5 

'A 

o 

K 

11.78 
20.22 

.0011 
.0194 

.0039 
.0030 

- 

.0358  1  .0000 ! 
.9400    .0013 

.0415 
.9636 

2.0& 
3.20 

In  the  first  case,  we  find  the  excess  of  chlorine  is  one  hundred 
times  the  excess  of  nitrogen  over  that  of  unpolluted  waters ;  and, 
in  the  second  case,  the  excess  of  chlorine  is  but  three  and  four-tenths 
times  as  much  as  the  excess  of  the  total  nitrogen. 

The  relation  of  the  excess  of  chlorine  and  the  excess  of  the  diflTer- 
ent  forms  of  nitrogen,  in  the  second  case,  is  what  we  should  expect 
from  the  filtration  of  sewage,  when  the  purification  ranges  between 
that  which  we  have  called  very  complete  purification,  and  that  called 
reasonably  well  purified  by  filtration.  This  is  shown  by  the  follow- 
ing results. 

Proportion  of  nitrogen  in  different  forms,  when  diluted  sewage  is 
very  completely  purified  by  filtration  :  — 


Free  Ammonia. 

0.0008 


Albuminoid  Ammonia. 
0.0048 


Chlorine. 
3.20 


Nitrates. 
0.6242 


Nitrites. 
0.0001 


ToUl  Nitrogen. 
0.6324 


When  reasonably  well  purified  by  filtration  ; 


Free  Ammonia.    Albuminoid  Ammonia. 

0.0326  0.0169 


Chlorine. 
3.20 


Nitrates. 
0.9000 


Nitrites. 
0.0008 


Total  Nitrogen. 
0.9536 


The  excess  of  nitrogen  in  the  different  forms  found  in  the  State 
Reformatory  wells,  above  that  of  unpolluted  waters,  is  as  follows  :  — 


Free  Ammonia.    Albuminoid  Ammonia. 

0.0193  0.0026 


Chlorine. 

3.20 


Nitrates. 
0.9201 


Nitrites. 
0.0003 


Total  Nitrogen. 
0.9403 


Turning  to  the  supply  from  Woburn  Filter  Gallery,  we  find  the 
following  excess  above  unpolluted  ground  waters :  — 


Free  Ammonia.    Albuminoid  Ammonia. 
0.0010  0.0016 


Chlorine. 

2.05 


Nitrates. 
0.0159 


Nitrites. 
0.0000 


Total  Nitrogen. 
0.0193 


Whence  this  great  excess  of  chlorine  with  the  very  small  excess 
of  total  nitrogen?     It  is  without  doubt  due  to  two  causes  :  a  great 
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increase  of  chlorine  from  the  soakin^s  from  tanneries  treatino:  salt 
hides,  and  a  decrease  of  the  nitrogen  by  its  appropriation  by  the 
great  abundance  of  algae  and  other  organisms  growing  in  the  pond, 
which  are  filtered  out,  by  the  sand,  between  the  pond  and  the  filter 
gallery.  % 

The  chlorine  of  the  filter  gallery  indicates  that  about  eight-tenths 
of  its  water  is  from  the  pond ;  and  the  reduction  of  the  free  and 
albuminoid  ammonias  to  about  eight  per  cent,  of  those  in  the  pond, 
shows  a  good  degree  of  purification  in  the  passage ;  so  that  this 
water,  that  has  contained  much  pollution,  from  the  large  population 
upon  the  drainage  area  and  from  the  manufacturing  wastes,  must 
be  regarded  as  approaching  near  to  the  condition  of  being  very 
completely  purified. 

We  have  remaining  a  group  of  five  waters,  taken  from  the  ground, 
which  are,  in  fact,  imperfectly  filtered  surface  waters.  Their  excess 
of  total  nitrogen  is  generally  very  small,  but  varies  from  more  than 
one-half  to  one-fifteenth  of  the  excess  of  chlorine. 

The  Analyses  are  given  below  :  — 


Imperfectly  filtered  Surface  Waters 

,  arranged 

in  the  Order 

of  Free  Ammonia. 

Source. 

J 

KieSIDUB  ON 

Evaporation. 

1           Amuoxia. 

1 

NrrRooBN 

AS 

1 

CiTT 
OK  TOWK. 

1 

f 

1 

1 

ALUrM 

1 

XNOID. 

y^ 

i 

X 

y. 

s 

■s 

i 

Taunton,  . 

Filter  basin,    . 

0.30, 

5.47 

- 

.0012 

.0102 

- 

.0163 

.0001 

.0341 

.19 

Framingham,  . 

Filter  gallery,    0.07 

5.93 

-     i 

.0031 

.0084 

- 

.0272 

.0003 

.0438 

.23 

Whltnmn, 

Filter  gallery,     0.33  | 

5.51 

.0100 

.0188 

- 

.0186 

.0004 

.0580 

.2S 

Wayland, 

Filter  gallery, 

0.50 

4.00 

- 

.0140 

.0186 

- 

.0325 

.0002 

.0717 

.OS 

Arlington, 

Filter  gallery, 

0.24 

6.80 

- 

.0148 

.0173 

- 

.0603 
.0310 

.0005 

.1013      ..32 

Average, 

0.31 

6.73 

■     i 

.0086 

.0147 

- 

.0003  j   .0822,     .-11 

These  sources  are  filter  basins  or  galleries  on  the  shore  of  ponds 
or  streams,  so  near  that  the  partially  purified  water  passes  freely 
and  continuously,  without  exposure  to  air,  through  the  bank  of  sand 
and  gravel,  so  that  there  is  no  opportunity,  or  very  little  oppor- 
tunity, for  the  nitrifying  effect  of  intermittent  filtration. 

In  fact,  the  nitrates  of  the  surface  waters  adjacent,  which  supply 
nearly  all  of  the  water  of  these  galleries,  average  0.0144  parts, 
while  the  nitrates  within  the  galleries  average  0.0310  parts,  which 
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is  only  about  one-half  of  what  we  should  expect,  if  the  same 
waters  were  well  purified  by  intermittent  filtration.  And  this  in- 
crease is  in  part  due  to  the  nitrification  of  sewage  matter  in  the 
soil,  on  the  land  side  of  the  filter  galleries.  This  is  evident  from 
the  greatest  increase  in  the  nitrates  being  where  the*  excess  of  chlo- 
rine is  greatest  in  the  filter  g  illery,  above  that  of  the  surface  water 
adjacent. 

To  observe  the  efiect  of  this  imperfect  filtration,  the  several  forms 
of  nitrogen,  and  the  excess  of  chlorine  above  the  normal,  of  the  sur- 
face water  adjacent  to  the  filter  gallery,  and  of  the  water  in  the  filter 
gallery,  are  given  in  the  following  table  :  — 


CITT 
OR  TOWK. 

Source. 

Taunton, 

River,     . 
Palter  basin,  . 

Praminghara, . 

Farm  Pond,   . 
i?'ilt«r  gallery. 

WTiltman, 

Ilobart's  Pond,     . 
Filter  gallery, 

Wnyland, 

Reservoir, 
Filter  gallery. 

Arlington, 

Reservoir, 
FUter  gallery, 

Average,      . 

River  or  pond, 
Filter  gallery. 

.001» 
.0012 


.0047 
.0031 


.0061 
.0100 


.0020 
.0140 


.0024 
.0148 


.0034 
.0086 


.0284  I 
.0102  I 

.0262  r 
.0081  I 

.0435  I! 
.OlbS  i| 

.0298 
.0186 

.0475 
.0173 


.0351 
.0147 


I  I 


I 


.12 
.19 


.18 
.23 


.30 
.28 


.36 
.32 

.19 


KlTROGKX  AS 


I 


.0084  I 
.0163  i 


.0158  I 
.0272 


.0001 
.0001 


.0003 
.0003 


.0122  I  .0003 
.0186  I  .0004 


.0108  I 
.0325 


.0246 
.0603 


.01*4 
.031U 


.0001 
.0002 


.0002 
.0005 


.0002 
.0003 


.05^ 
.0341 

.0629 
.0438 

.0888 
.0580 

.0614 
.0747 

.1047 
.1013 


.07.'iO 
.0622 


sz  *  — 

■etas 

o  »<  c 


5.17 
14.SJ 


6.10 
10.30 


5.41 
7.79 


1.52 


5.0i 
4.04 


4.59 
5.4S 


The  principal  effect  of  the  imperfect  filtration,  in  these  cases,  is, 
like  continuous  filtration  of  sewage  generally,  to  reduce  the  albumi- 
noid ammonia  and  increase  the  free  ammonia,  the  sum  of  both  being 
reduced  by  wliat  is  strained  out.  There  is  wanting  the  presence  of 
air  in  the  ground  through  which  the  water  passes,  to  enable  the 
ammonia  to  be  still  further  removed  by  its  oxidation  and  conversion 
into  nitrates. 

We  have  remaining  four  sources  of  ground  waters  so  near  the  sea 
that  we  are  unable  to  determme  their  normal  chlorine,  and  have  not 
our  usual  measure  to  determine  to  what  extent  they  have  been  in 
contact  with  household  wastes.  In  such  case  we  fall  back  upon  the 
total  nitrogen  to  indicate  what  has  been,  and  its  present  form  to 
indicate  the  actual  condition. 
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The  analyses  are  given  in  the  following  table  :  — 

Ground  Waters  collected  so  near  the  Sea  thcU  the  Normal  Chlorine  is  indeterminate^ 
arranged  in  the  order  of  nitrates. 


City 
OB  Town. 


Cohai^set, . 
Revere,     . 
Maiden,     . 
Swampscott, 
Average, 


Wells,      .        .0.00 

! 

Wells,  .  .  !  0.00 
Tabular  wells,  0.00 
Wells,      .        . 


0.01 


0.00 


Rksiduk  on 
evapo  ration. 


14.46 
2-2.55 
16.69 
25.01 


19.68 


ALBUMINOID. 


.000: 
.0001 
.0000 
.0013 


J 


.4|04 


.0020 
.0019 
.0005 
.0032 
.0019 


^'ITROOEN 

AS 

g 

5 

t 

5 

7^ 

«  1 

.0272 

.0003 

.1408 

.0024 

.4768 

- 

.4786 

.0003 

.2808 

.0010 

.0309 

1.55 

.1464 

3.41 

.4769 

2.20 

.4852 

3.28 

.2852 

2.61 

The  average  of  the  different  forms  of  nitrogen  is  as  follows  :  — 


Free  Ammonia.       Albuminoid  Ammonia. 

0.000-i  0.0019 


Nitrates. 
0.2808 


Nitrites. 
0.0010 


Total  Nitrogen. 
0.2852 


The  average  of  the  same  for  our  unpolluted  ground  waters  was  ; 


Free  Ammonia. 
0.0001 


Albuminoid  Ammonia. 
0.0013 


Nitrates. 
0.0199 


Nitrites. 
0.0000 


Total  Nitrogen. 
0.0211 


The  total  nitrogen  being  fourteen  times  that  of  our  unpolluted 
waters,  shows  that  this  group  has  at  some  time  been  in  contact 
with  organic  matter  in  large  amount ;  but  this  being  nearly  all  in 
the  form  of  nitrates,  and  the  ammonias  being  so  slightly  in  excess 
of  those  of  unpolluted  waters,  we  see  that  filtration  has  removed 
nearly  every  vestige  of  the  former  organic  matter;  that  is,  has 
burned  it  all  up,  and  left  only  mineral  nitrates. 

This  is  particularly  the  case  with  the  sources  of  Cohasset,  Revere 
and  Maiden,  where  the  free  ammonias  have,  nearly  all  of  the  time, 
been  zero ;  but  with  the  Swampscott  wells  there  has  not  been  this 
pei-manence  of  purification.  On  one  occasion  the  free  ammonia 
increased  to  0.0202  parts,  indicating  too  free  communication  with  the 
foul  w^ater  of  Stacy's  Brook  that  flows  near,  or  with  sewage  from 
the  surrounding  habitations.  Since  that  occasion,  which  was  in 
October,  1887,  there  has  been  one  occasion  when  the  free  ammonia 
was  found  to  be  0.0038,  and  the  albuminoid  ammonia  0.0108  parts, 
with  much  lower  nitrates  than  usual,  indicating  imperfect  purification 


and  danger  in  this  source. 
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The  relation  between  the  chemical  composition  of  a  water  and  its 
healthfulness  as  a  drinking  water  is  one  concerning  which  we  must 
speak  with  much  reserve,  since,  in  the  first  place,  the  cases  are  not 
as  numerous  as  we  could  wish  in  which  we  are  positive  as  to  the 
causal  connection  between  drinking  waters  and  disease ;  and,  sec- 
ondly, because  in  many  of  the  recorded  cases  in  which  such  a 
connection  seems  to  have  been  made  out  the  chemical  analysis  of  the 
water  is  wanting.  The  organic  matter  found  in  the  surface  waters 
of  this  State,  which  are  unpolluted  by  sewage,  is  generally  of  so 
l)ermanent  character  that  it  may  be  regarded  as  not  detrimental  to 
health,  and,  until  we  have  more  complete  knowledge  of  this  subject, 
it  seems  reasonable  to  assume  that,  when,  by  the  increase  in  chlorine, 
it  becomes  evident  that  sewage  has  been  added  to  a  surface  water, 
the  increase  in  the  amount  of  organic  matter,  due  to  the  sewage, 
may  be  taken  as  indicating  its  probable  harmfulness. 

In  unpolluted  ground  waters  the  amount  of  organic  impurity  is  so 
small  that  it  may  be  disregarded ;  and,  of  any  ground  water  shown 
by  an  excess  of  chlorine  to  have  been  polluted  by  sew^age,  we  may 
assume  that  the  harmifulness  of  the  water  is  in  direct  proportion  to 
its  organic  impurity,  and  that  danger  from  its  use  decreases  in  pro- 
portion as  its  purification  progresses.  Whether  the  organic  mattei 
or  the  products  of  its  decomposition  are  to  be  regarded,  in  them- 
selves, as  the  cause  of  disease,  or  whether  harmful  germs  are  to  be 
credited  with  the  evil  effects  of  the  water,  the  assumption  applies 
equally  well,  since  the  conditions  involved  in  the  complete  purifica- 
tion of  the  water  are  those  which  are  inimical  to  the  life  of  the 
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DISCUSSIOIT  OF  SPECIAL  TOPICS 


RELATINO  TO  THE 


QFALITY  or  PUBLIC  WATEK  SUPPLIES. 


The  large  number  of  instances  in  which  public  water  supplies 
have  been  affected  by  bad  tastes  and  odors  point  either  to  a  lack  of 
information  on  the  part  of  those  charged  with  the  selection  of  the 
sources  of  the  water  and  the  construction  and  maintenance  of  works 
with  regard  to  the  causes  of  these  troubles,  or  to  some  difficulty  in 
obtaining  a  satisfactory  supply  at  a  reasonable  cost,  inherent  in 
the  situation  of  the  municipalities  supplied.  An  ^examination  of 
specific  cases  where  troubles  have  commonly  occurred,  shows  that 
the  former  cause  is  responsible  for  the  difficulties  in  a  majority  of 
instances.  This  result  is  not  surprising,  when  we  consider  that 
the  water  supplies  are  very  varied  in  character,  and  in  different 
situations  are  subject  to  trouble  from  different  causes ;  also,  that 
there  has  been  a  lack  of  systematic  and  continuous  observations 
and  of  a  means  of  diffusing  information.  As  a  consequence,  works 
which  have  furnished  unsatisfactory  water  in  one  place  have  been 
duplicated  in  another,  so  that  water  supplies  which  are  unsatisfac- 
tory from  similar  causes  are  found  in  different  parts  of  the  State. 

The  investigations  of  the  State  Board  of  Health,  up  to  the  present 
time,  do  not,  by  any  means,  solve  all  of  the  problems  regarding  the 
selection  of  water  supplies  and  the  maintenance  of  the  water  in  a 
palatable  condition ;  but  they  do  solve  some  of  them,  and  throw 
light  on  others.  It  is  the  purpose  of  this  portion  of  the  report  to 
present  results  which  have  especial  reference  to  these  subjects. 

THE  EFFECT  OF    STORAGE. 

In  a  few  instances  it  has  been  found  practicable  to  obtain  a  sup- 
ply of  surface  water  from  a  stream  which,  at  all  seasons  of  the  year, 
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will  famish  the  required  quantity  of  water  without  resorting  to 
storage ;  but  in  a  great  majority  of  cases,  it  is  necessary  to  obtain 
a  supply  from  water  stored  in  a  pond,  or  to  construct  a  storage 
reservoir  which  will  supply  any  deficiency  in  the  natural  flow  of  the 
stream  during  dry  seasons.  Even  where  a  supply  is  taken  directly 
from  a  stream,  or  drawn  from  the  ground,  it  is  generally  found  best 
to  provide  a  distributing  reservoir  or  tank,  in  which  some  water  can 
be  stored  for  emergencies,  and  thus  obviate  the  necessity  of  contin- 
uous pumping.  The  effect  of  storage  under  various  conditions  is, 
therefore,  a  matter  of  much  importance.  Water  is  stored  under  a 
great  variety  of  circumstances,  and  the  source  and  character  of  the 
water  have  an  important  bearing  upon  the  effect  of  this  storage. 
This  is  particularly  noticeable  where  ground  waters  are  stored  in 
open  distributing  reservoirs. 

The  effect  of  storage  can  be  ascertained  both  by  chemical  and  by 
microscopical  examinations.  In  chemical  analysis  it  is  best  indi- 
cated by  the  changes  which  occur  in  the  nitrogen  compounds,  par- 
ticularly the  albuminoid  ammonia  which  represents  the  organic,  and 
the  nitrates  which  represent  the  bulk  of  the  inorganic,  nitrogen. 
For  instance,  a  rise  in  albuminoid  ammonia  and  a  reduction  in  the 
amount  of  nitrates  due  to  storage,  are  occasioned  by  an  increase  of 
organic  matter  which  is  often  accompanied  by  bad  tastes  and  odors. 
Microscopical  examinations  of  the  water  before  and  after  storage 
indicate  the  changes  in  the  number  and  kind  of  organisms. 

The  conditions  of  storage  are  so  varied,  and  the  results  depend 
so  much  upon  the  character  of  the  water,  that  the  different  classes 
will  be  considered  separately. 


Storage  of  Surface  and  Ground  Waters  in  DiSTRinuTiNa 
Reservoirs  and  Tanks.* 

Surface  Waters  Stored  in  Open  Distributing  Reservoirs. 

Analyses  have  been  made  of  samples  of  water  taken  simultane- 
ously from  ponds  or  storage  reservoirs,  and  from  the  correspond- 


*  For  the  purposcii  of  this  discussion,  distributing  reservoirs  are  assumed  to  include  only  such  aa  are 
excavated  in  the  ground  and  iined  with  earth,  stone  or  masonry.  They  are  generally  quite  large  in  area, 
and  contain  from  fifteen  to  twenty  feet  in  depth  of  water.  Tanks,  on  the  other  hand,  are  structurea  of 
iron  built  above  ground,  varying  greatly  in  the  ratio  of  diameter  to  depth  of  water,  some  having  a  di- 
ameter in  excess  of  the  depth,  so  that,  if  not  covered,  the  water  is  freely  exposed  to  the  light;  while  in 
other  cases  the  depth  of  water  is  very  great  in  proportion  to  the  height,  and,  even  if  open  at  the  top^tbe 
amount  of  light  which  can  reach  the  water,  particularly  the  bottom  layers,  is  mnch  restricted. 
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ing  distributing  reservoirs.  The  reservoirs  selected  for  comparison 
are  at  Marlborough,  Gardner,  Danvers,  Salem,  Norwood  and  Boston  ; 
the  comparison  at  the  latter  place  being  made  between  the  waters 
of  the  Chestnut  Hill  and  Fisher  Hill  reservoirs.  The  observations 
were  continued  for  a  year,  but  the  nitrites  were  determined  for  only 
a  portion  of  the  time.  The  mean  result  of  all  observations  is  indi- 
cated by  the  following  comparison :  — 


Comparison  of  Analyses  of  Waters  in  Six  Ponds  and  Storage  Reservoirs  with  the 
Same  Waters  after  being  Pumped  and  Held  in  Open  DistribrUing  Reservoirs, 


Ponda 
I  or  Storape 
,  lieservoira. 


Open 
Distributinfc 
Keservoirs. 


Color 

Total  residue  on  evaporation, 
Free  ammonia,    . 
Albuminoid  ammonia, 
Nitrogen  as  nitrates,  . 
Kitrogen  as  nitrites,  . 
Chlorine,      .... 


0.'20 

3.94 
.0023 
.0178 
.0077 
.0001 
.41 


0.20 

3.95 
.0019 
.0187 
.0077 
.0001 
.42 


There  is  no  reason  to  expect  any  change  in  the  total  residue  or 
chlorine,  and  this  is  practically  the  result  of  the  comparison,  the 
difference  being  no  greater  than  may  be  attributed  to  errors  of  obser- 
vation. The  color  might  be  expected  to  diminish  somewhat,  owing 
to  the  bleaching  action  of  the  sun ;  but  the  comparison  shows  the 
same  depth  of  color  in  both  places.  Even  in  the  nitrogen  com- 
pounds, where  we  would  naturally  look  for  the  greatest  changes, 
we  find  that  the  nitrates  and  nitrites  show  no  change  whatever,  and 
the  ammonias  show  but  little. 

To  ascertain  whether  changes  of  greater  significance  occurred  at 
any  particular  season  of  the  year,  the  following  table  has  been 
prepared,  which  shows  the  changes  by  months :  — 
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Average  Analyses  of  Water  of  Six  Ponds  and  Storage  Reservoirs  before  and  after 
being  pumped  and  field  in  Open  DistributiTig  Reservoirs,  —  by  Months. 


MONTH. 


Jannary»  . 
February, 
March, 
April.       . 
May, 
Juue, 
July, 
Auguet,    . 
Septerahor, 
October,  . 
November, 
December, 
Average, 


Freb  Ammonia. 


ALBUMIN'OID 

Ammonia. 


2 

o   . 


So 


I 


.0037 
.0053 
.0025  I 
.00211 

.0010 

I 
.0020 

'  .0013 
.0011 

I  .0006 

I  .0012 
.0026 

I  .0044 


t_ 


.0023 


.0035  —.0002 
.0050— .0003 
.0028  +.0003 
.0015  I  —.0000 
.0011  +.0001 
.0013  — 0007 
.0009  —.0004 
.0006  —.0005 
.0004  —.0002 
.0006  —.0006 
.0028  I  +.0002 
.0029   —.0015 


S) 

A 

o 

s 

°l 

1^ 

& 

■d  g 

1 

.0174 

.0186 

+.0012 

.0217 

.0185 

—.0032 

Nitrogen  as 


& 
i. 


9  U 

£o 


& 

B 

O 


.0113    .0140   +.0027 


ii 


.0001 


.0145  .0113:— .00321,  .0001 


.0019 ,  —.0004 


.0183, 
.01751 
.0182 
.0155 
.0173  I 

.0173 

I 

.0187 
.0176  I 
.0165 
.0180  I 
.0178  ': 


.0175  —.0008 
.0191 '  +.0016  I; 
.0180  -.0032 
.0171  +.0010 
.0195  +.0022 

.0191  +.0018 ; 

.0200  +.0013 
.0215  +.0039,1 
.0182  I +.0017  I 
.9177  —.0003, 1 
.0187  i  +.0009 


.0115  I  .0108 

.0110'  .0147 

.0080  I  .0090 

.0063  .0043 

.0a32  .0035 

I 
.0043  .0023 

.0036;  .0028 

.0052  .0035 

.0055  I  .0065 

.0084  .0098 


0077  I  .0077 


—.0007 
+.0037 
+.0010 
— 0020 
+.0003 
—.0020 
— .OOOS 
-.0017 
+.0010 
+.0013 


.0002 
.0002 


I 


.0000 
.0001 
.0001 
.0002 


.0001    .0001 


.0000 


.0001 


-.0001 
.0000 

-.0001 
.0000 
.0000 


.0001  I     .o»« 


The  above  table  shows  a  noticeable  increase  in  the  albuminoid 
ammonia  during  the  warmer  months ;  but,  on  the  whole,  it  may  he 
said  that  the  changes  produced  by  pumping  the  waters  of  these  ponds 
or  storage  reservoirs,  and  holding  them  for  a  short  time  in  open 
distributing  reservoirs,  are  very  small  and  of  little  practical  signifi- 
cance. This  is  a  result  which  might  be  anticipated  where  water 
before  being  pumped  has  already  been  subject  to  such  change  as 
storage  in  the  open  air  would  produce. 

The  foregoing  comparisons  were  made  with  waters  pumped  from 
ponds  and  storage  reservoirs,  and  only  those  cases  were  selected  in 
which  there  vras  nothing  to  affect  the  results  except  the  pumping 
and  subsequent  storage  of  the  water.  Observations  have  been  made 
in  five  other  instances  in  which  some  unusual  features  were  present, 
so  that  these  cases  need  to  be  considered  individually.  The  condi- 
tions at  the  different  places  are  as  follows  :  — 
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Lawrence,  —  The  supply  is  taken  mainly  from  the  Merrimack 
Biver,  but  a  small  quantity  of  water  is  also  obtained  from  a  filter- 
gallery.  The  waters  from  both  of  these  sources  mingle  in  the  pump- 
well,  and  are  forced  thence  to  the  reservoir.  The  samples  were 
taken  from  the  force  main  just  beyond  the  pumps  and  from  the  out- 
let of  the  reservoir.  The  water,  as  it  enters  the  reservoir,  is  aerated 
by  falling  over  some  granite  steps.  The  river  receives  directly  the 
sewage  of  Lowell,  nine  miles  above  Lawrence  ;  also  of  other  places, 
as  described  on  pp.  173,  174  and  440-444,  of  this  volume. 

Lowell.  —  The  situation  at  this  place  corresponds  closely  to  that 
at  Lawrence,  The  proportion  of  water  coming  from  the  filter-gal- 
lery is  larger,  and  the  river  is  less  affected  by  sewage.  The  samples 
were  collected  from  the  conduit  which  conveys  the  mixed  river  and 
•filter-gallery  water  to  the  pumping  station,  and  from  the  outlet  of 
the  reservoir.  The  water  is  aerated  by  falling  from  two  to  six  feet 
over  a-  weir  as  it  enters  the  reservoir. 

New  Bedford.  —  The  water  flows  from  the  stomge  reservoir 
through  a  conduit  five  and  five-eighths  miles  long  to  a  receiving  res- 
ervoir, and  thence  is  pumped  to  the  distributing  reservoir.  The 
wat^r  enters  the  latter  by  falling  over  a  weir,  and  is  thereby  aemted. 
The  samples  were  taken  from  the  lower  endof  the  conduit  and  from 
the  distributing  reservoir  at  the  outlet  gate  house.  The  difference 
between  the  samples  should  therefore  represent  any  change  in  the 
character  of  the  water  due  to  storage  in  two  reservoirs,  pumping 
and  aeration. 

Worcester y  —  Jjeicester  Supply.  —  The  water  in  this  instance  flows 
by  gravity  from  the  storage  to  the  distributing  reservoir,  and  is 
aerated  as  it  enters  the  latter  by  being  discharged  from  the  top  of  a 
vertical  pipe  in  the  middle  of*  the  reservoir,  which  projects  twelve 
feet  above  the  water. 

Boston^  —  Mystic  Supply.  —  In  this  instance  the  works,  when 
compared  with  the  six  first  considered,  present  no  unusual  features, 
but  the  character  of  the  water  is  subject  to  so  great  changes  from 
time  to  time  that  the  result  of  a  comparison  may  not  be  trust- 
worthy ;  moreover,  on  account  of  the  large  amount  of  nitrogen  in 
various  forms  found  in  this  water,  greater  changes  may  be  expected 
to  occur  than  in  ordinary  waters. 

The  changes  occurring  at  these  five  places  are  indicated  in  the 
following  table :  — 
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Table  showing  Average  Analyses  of  Surface   Water  before  and  after  being 
conveyed  to  and  held  in  Open  Distributing  Reservoirs. 


Free  Amuoxia. 

Albimixoid 

AMMONIA. 

KiTBOC 

rKX   AS 

VITSATBS. 

KITSITK8. 

riTT 
OS  Towx. 

< 

5 

1 

1 

'  1 

r 

i 

1 

< 

i 

1 

< 

55 

I 

Lawrence, 

.0026 

.0029 

+.0003 

.0174    .0144 

-.0030 

.0135 

.0146 

+.0011 

.0003 

.0002 

—.0001 

Lowell,    .        . 

.0032 

.0028 

—.0004 

.0142    .0139 

—.0003 

.0170 

.0177 

+.0007 

.0003 

.0002 

—.0001 

New  Bedford, 

.0021 

.0021 

.0000 

.02751.0282 

+.0007 

.0163 

.0134 

—.0020 

.0001 

.0000 

—.0001 

Worcenter, 

.0050 

.0046 

-.0004 

.0163    .0161 

-.0002 

.0002 

.0079 

+.0017 

.OQ0O 

.0001 

+.0001 

Boston,  Mystic. 

.0221 

.0198 

-.0023 

.  .0266  1  .0247 

»— .0019 

• 

.0496 

.0549 

+.0053, 

.0015 

.0013 

—'.0002 

Note. — Tn  thUand  subseqxcnt  tables  the  averages  may  not  correspond  exactly  with  those  given 
for  the  same  waters  in  the  first  portion  of  this  report.  There  are  two  reasons  for  this;  namely, 
additional  analyses,  made  subsequently,  are  sometimes  included;  and  interpolations  have  been  made 
where  a  regular  monthly  observation  was  omitted  or  abnormal,  so  that  all  parts  of  a  year  might  hare 
eqaal  representation. 

The  table  shows  that  the  chemical  changes  which  take  place  at 
Lowell,  New  Bedford  and  Worcester  are  too  small  to  have  any 
special  significance,  notwithstanding  the  aeration  which  the  water 
receives  at  each  of  these  places. 

At  Lawrence  there  is  a  noticeable  reduction  in  the  amount  of 
albuminoid  ammonia,  equal  to  seventeen  per  cent,  of  the  amount 
in  the  water  at  the  source.  Corresponding  to  this  there  is  a  slight 
increase  in  the  nitrates.  The  significance  of  this  change  becomes 
more  apparent  when  the  average  analysis  of  water  drawn  from  a  tap 
in  the  city  two  miles  from  the  reservoir  and  near  the  further  end  of 
the  distributing  system  is  also  included  in  the  comparison. 


Albuminoid 
Ammonia. 


Nitrogen  ss 
Nitrates. 


Water  from  force  main, 
Water  from  reservoir, 
Water  from  Up  in  city, 


.0135 
.0146 
.0193 


It  will  be  observed  from  the  above  that  a  change  similar  to  that 
which  takes  place  in  the  reservoir  occurs  to  a  more  marked  extent 
during  the  passage  of  the  water  through  the  pipes,  so  that,  com- 
paring the  water  drawn  from  the  force  main  with  that  from  the  tap, 
we  find  there  is  a  reduction  of  thirty-three  per  cent,  in  the  albuminoid 
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ammonia,  and  an  increase  of  forty-two  per  cent,  in  the  nitrates.  As 
the  former  represents  the  organic  and  the  latter  the  inorganic  and 
harmless  form  of  nitrogen,  it  will  be  seen  that  a  very  considerable 
purification  takes  place  in  this  instance  after  the  water  leaves  the 
pumps. 

At  Boston,  the  changes  due  to  pumping  and  holding  water  in  the 
College  Hill  Reservoir  of  the  Mystic  Works  are  somewhat  similar 
to  those  at  Lawrence,  as  the  free  and  albuminoid  ammonias  decrease 
and  the  nitrates  increase.  At  both  of  these  places  where  the  great- 
est purification  takes  place,  the  waters  are  more  affected  by  sewage 
than  at  any  other  of  the  places  included  in  the  comparisons.  The 
Merrimack  River  above  Lowell  aho  receives  sewage,  so  that  a  cor- 
responding change  might  be  expected  in  the  water  of  that  city  ;  but 
the  quantity  of  sewage  is  considerably  less  than  at  Lawrence,  and 
it  enters  the  river  at  more  remote  points,  which  may  possibly 
account  for  the  difference  in  the  effect  of  storage  in  the  two  cases. 
There  is  also  a  difference  in  the  size  of  the  distributing  reservoirs, 
that  at  Lawrence  holding  fifteen  days'  supply,  and  that  at  Lowell 
six  days'  supply. 

Surface  Waters  stored  in  Open  Tanks. 
Only  a  few  comparisons  have  been  made  to  determine  the  effect 
of  storage  of  this  kind,  as  it  seemed  probable  that  the  water  would 
be  affected  to  a  less  extent  in  tanks  than  in  open  reservoirs.  The 
few  examinations  made  indicate  that  the  change,  if  any,  in  the  char- 
acter of  the  water  due  to  such  storage  is  small,  and  that  it  is  bene- 
ficial rather  than  otherwise. 

Ground  Waters  stored  in  Open  Distributing  Reservoirs. 

As  in  the  case  of  surface  supplies,  analyses  have  been  made  of 
waters  collected  simultaneously  from  ground  water  sources  and  from 
tl\e  open  distributing  reservoirs  into  which  the  water  was  pumped. 

Observations  have  been  made  at  twelve  places,  and  of  these 
seven  are  selected  where  the  water  is  pumped  directly  from  a 
dark  ground  water  source  to  an  open  reservoir.  In  six  of  these 
instances  the  examinations  were  continued  for  two  years,  and  in  the 
other  for  one  year.  The  seven  places  selected  are  Brookline, 
Cohasset,  Hyde  Park,  Kingston,  Revere,  Ware  and  Woburn.  The 
average  amount  of  the  nitrogen  compounds  and  the  changes  due  to 
storage  in  an  open  reservoir  are  shown  in  the  following  tables.     In 
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the  first  table  the  waters  are  tabulated  by  towns,  so  as  to  indicate 
the  character  of  the  different  waters.  In  the  second  table  the  aver- 
age analyses  of  all  waters  are  tabulated  by  months,  to  show  the 
changes  due  to  the  season  of  the  year. 


Table  showing  Average  Composition  of  Ground  Waters  before  and  after  being 
pumped  and  held  in  Open  Distributing  Reservoirs^  —  by  Towns, 


1 

Albuvixoid  Ammonia.    * 

Nrrsoosx  as 

Frkb  Amwonia. 

TOTAL. 

PENDBD. 

VITEATB8.             1 

KITBITKS. 

TOWN. 

< 

c 

1 

i 
1 

< 

11 

Is 

1 

n. 

P 

f 

to 

C 

li 

1 

< 

il 

1 

Brookline.    . 

.0003 

.0003 

.0000 

'.00411.0171 

1 

+.0130 

.0077 

.0282  .0091 

— 0191 ' 

.0000 

.0001 

+.0001 

.0002 

.0002 

.0000 

'.0020 

1 

.0110 

+.0090 

.0049 

.0274 

.0047 

—.0227'  .0003 

.0002 

—.0001 

Hydo  Park,  . 

.0002 

.0009 

-h.0007 

.0019 

.0180 

+.0170 

.0129 

.0659!  0315 

—.0344  1.0002 

.0002 

.0000 

Kingston,     . 

.0000 

.0001 

-f.OOOl 

.0020 

.0058 

+.0038 

- 

.1145  1. 1030 

—.0115 !      - 

-.02091  .0024 

- 

- 

Revere, . 

.0001 

.0019 

+.0018 

.0020 

.0070 

+.0050 

.0020 

.1282  1.1073 

.0018 

-.0006 

Ware,    . 

.0000 

.0015 

+.0016 

.0011 

.0094 

+.0083 

.0031 

.2991  '.2055 

-.0336    .0002 

.0015 

+.0013 

Wobum, 

.0011 

.0016 

+.0005 

.0029 

.0088  +.0O59 

.0033 

.0358^.0264 

-.0094 

'.OUOO 

.OOO3J+.0003 

Average,    . 

.0003 

.0009  ;+.0O06 

.0023  .0111  +.0088 

.0057 

.0999. 0782 

—.0217 

.0005 

.0007  -i-.Oi«W 

1 

Grouping  together  the  average  changes  as  given  at  the  bottom  of 
the  table,  we  have  the  following :  — 

Free  ammonia, increase,  .0006 

Albuminoid  ammonia, Increase,  .0088 

Nitrogen  as  nitrates, decrease,  .0217 

Nitrogen  as  nitrites,   .        '. increase,  .0002 

The  characteristic  changes  are  the  increase  in  albuminoid  ammonia, 
fourteen-seventeenths  of  which  is  nitrogen,  and  the  decrease  in 
nitrogen  as  nitrates ;  that  is  to  say,  a  part  of  the  inorganic  nitrj^ 
gen  in  the  ground  water  at  its  source  has  been  appropriated  by 
living  organisms  in  the  reservoir,  which,  with  products  of  their 
life  and  decay,  are  indicated  in  an  analysis  by  the  albuminoid 
ammonia.  There  is  an  apparent  loss  of  nitrogen  as  nitnites  in  ex- 
cess of  the  increase  of  nitrogen  as  albuminoid  ammonia,  which  is  for 
the  most  part  accounted  for  by  the  fact  that  only  about  one-half  of 
the  organic  nitrogen  in  the  water  is  obtained  by  the  albuminoid 
ammonia  process.     Some  ot  the  organic  nitrogen  is  also  contained 
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in  plants  which  are  fixed  to  the  bottom  and  sides  of  a  reservoir,  or 
in  free  organisms  which  have  died  and  fallen  to  the  bottom,  so  that 
it  is  not  represented  in  a  sample  of  water  collected  for  analysis. 

On  account  of  the  appropriation  of  nitrogen  by  the  organisms,  it 
might  be  inferred  that  the  waters  highest  in  nitrates  would  produce 
the  most  abundant  growths  with  a  corresponding  increase  in  the 
amount  of  albuminoid  ammonia  ;  but  an  examination  of  the  different 
waters  shows  that  this  is  not  the  case.  For  instance,  the  nitrates 
are  highest  at  Ware,  with  a  change' in  albuminoid  ammonia  slightly 
below  the  average ;  while  at  Cohasset,  where  the  nitrates  are  least, 
the  reverse  is  true.  On  the  whole,  it  may  be  said  that  the  amount 
of  nitrogen  in  a  ground  water,  within  the  limits  presented  in  the 
table,  does  not  determine  the  amount  of  subsequent  change  in  the 
character  of  the  water  when  stored  in  an  open  reservoir. 


Table  showing  Average  Composilion  of  Ground  Waters  before  and  after  being 
pumped  and  held  in  Open  Distributing  Reservoirs,  —  by  Months. 


ALBiMrNoiD  Ammonia. 

NITROOKN  A8 

Fbsk  Akuonia. 

TOTAL. 

8DB- 
PKHUKD. 

MITBATBS. 

NITSITK8. 

MOl^TU. 

1 
< 

5 

1 

1 

:< 

1 

1^ 

< 

If 

■c  C 

i 

1 

< 

1^ 

1' 

i 

January, 

.0002 

.0002 

.0000 

.0022 

.0090 

+.0068 

.0050 

.0968 

.0941 

1 

—.0027 

.0006 

.0006 

.0000 

Febniary,     . 

.0003 

.0001 

—.0002 

.0027 

.0082 

+.0055 

,0063 

.0856 

.0899 

+.0044  1 

.0006 

.0006 

.0000 

March, . 

.0001 

.0004 

+.0003 

.0024 

.0106 

+.0082 

.0071 

.1177 

.0914 

-.0263    .0003 

.0006 

+.0008 

AprU.   .        . 

.0001 

.0008 

+.0007 

.0027 

.0127 

+.0100 

1  .0075 

.0013 

.0829 

-.0084 '.0004 

.0008 

+.0004 

May,     .        . 

.0001 

.0012 

+.0011 

.0020 

.0138 

+.0118 

1  .0077 

.1081 

.0645 

—.0436    .0004 

.0009 

+.0006 

Jane,     . 

.0006 

.0018 

+.0012 

.0020 

.0111 

+.0091 

1  .0055 

1 

.1061 

.0721 

—.0340    .0006 
—.0426    .0005 

.0009 

+.0008 

July,     . 

.OOOS 

.0028 

+.0025 

.0024 

.0104 

+.0080 

'  .0038 

.1151 

.0725 

.0007 

+.0002 

Angnst, 

.0003 

.0022 

+.0019 

.0025 

.0110 

+.0085 

.0028 

.0738 

.0530 

—.0208    .0005 

1 

.0007 

+.0002 

'September,  . 

.0003 

.0007 

+.0OO4 

.0022 

.0114 

+.0092 

.0041 

1 

.1017 

.0706 

—.0311    .0006 

.0008 

+.0002 

October, 

.0004 

.0004 

.0000: 

.0019 

.0116 

+.0097 

.0062 

.1152 

.0823 

-.0329    .0002 

.0006 

+.0004 

Xovember,   . 

.0003 

.0003 

.0000  I 

.0018 

.0115 

+.0097 

.0060 

.0974 

.0831 

—.0143 

.0006 

.0005 

—.0001 

December,    . 

.0003 

.0004 

+.0001 

.0026 

.0128 

+.0097 

.0070 

.0900 

.0824 

— 0076 

.0008 

.0005 

-.0003 

Average,  . 

.0003 

.0000 

+.0006  1 

.0023 

.0111 

+  .0088 

1 

.0067 

.0999 

.0762 

—.0217 

.0005 

.0007 

+.0002 

In  the  above  classification  by  months  it  will  be  noticed  that  the 
increase  of  total  albuminoid  ammonia  due  to  storage  is  very  nearly 
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uniform  at  all  seasons  of  the  year.  The  nitrates  show  a  large  re- 
duction after  the  first  two  months  of  the  year,  although  the  amount 
is  somewhat  variable.  The  free  ammonia  shows  a  marked  increase 
during  the  spring  and  summer,  with  scarcely  any  change  during  the 
remainder  of  the  year.  The  nitrites  show  a  slight  increase  in  all  of 
the  warmer  months.  The  general  result  of  this  tabulation  is  that 
a  ground  water  stored  in  an  open  reservoir  will  deteriorate  at  all 
seasons  of  the  year. 

Ground  waters  of  the  class  under  consideration  contain  few  if  any 
microscopic  organisms  at  their  source;  but,  after  storage  in  an 
open  reservoir,  the  number  is  sometimes  in  excess  of  that  found  in 
any  other  source  of  water  supply. 

The  above  discussion  has  been  confined  to  seven  supplies  out  of 
twelve  of  this  general  class  which  have  been  examined.  Of  the  five 
excluded,  only  one  (Wellesley)  shows  results  which  are  in  any 
way  contrary  to  those  furnished  by  the  seven  supplies.  At  this 
place,  according  to  the  analyses  given  in  the  first  part  of  this 
volume,  there  is  an  increase  of  nitrates  due  to  storage.  This 
apparent  exception  to  the  general  rule  is  due  to  the  fact  that  water 
is  pumped  to  the  resen^oir  from  two  sources  which  differ  in  the 
amount  of  nitrates,  and  all  of  the  samples  after  the  first  four  were 
taken  from  the  source  which  contains  the  smaller  amount. 


Ground  Waters  stored  in  Covered  Reservoirs  and  Tanks. 

Observations  to  determine  the  effect  of  storing  ground  waters  in 
tanks  which  are  covered  to  exclude  the  light  have  been  made  at 
Brookline,  Middleborough  and  North  Attleborough,  and  the  results 


are  indicated  in  the  foUowino:  table  : 


Table  showing  Average  Composition  of  Ground  Waters  before  and  after  being 
stored  in  Covered  Tanks. 


Frrb  Akmohia. 

Albuminoid  Amxoxia. 

XlTROOKIf  A8  XlTRATlS. 

At 
Source. 

Tn 
Tank. 

Change. 

At 
Source. 

In 
Tank. 

Change.  ' 

1 

At 

Source. 

Tiuk.    ^^"^ 

Brookline,      .... 
Mlddleborongh,     . 
North  Attleborough,    . 

.0003 
.0001 
.0002 

.0001 
.0003 
.0002 

—.0002 

+.0002 

.0000 

.0041 
.0022 
.0018 

.0044 
.0024 
.0017 

+.0003 
+.0002 
—.0001 

.0284 
.1585 
.02«7 

.0283 
.15M 
.0352 

+    +      1 

rill 

Average,     .... 

.0002 

.0002 

.0000 

.0027 

.0028 

+.0001 

.0712 

.0743 

+.0O31 
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The  changes  in  free  and  albuminoid  ammonia  are  so  very  small 
that  they  indicate  definitely  that  ground  waters  when  stored  in 
covered  tanks  are  not  subject  to  any  changes  corresponding  to  those 
which  they  undergo  when  stored  in  open  reservoirs.  The  nitrates 
appear  to  increase  at  North  Attleborough,  but,  as  there  is  no  corre- 
sponding decrease  in  the  other  nitrogenous  constituents,  it  is  diffi- 
cult to  account  for  this  except  by  supposing  some  unknown  condition 
affecting  the  comparision. 

The  only  place  at  which  ground  water  is  pumped  to  a  covered 
distributing  reservoir  is  at  Kingston.  This  reservoir  is  fifty  feet  in 
diameter,  and  has  vertical  walls  of  brick  masonry,  the  depth  of 
water  being  eighteen  feet.  It  was  covered  with  a  roof  in  July, 
1888.  Before  this  time  the  quality  of  the  water  was  affected  by 
storage  as  at  other  places,  although  to  a  less  extent.  Since  the 
reservoir  was  covered,  the  water  in  it  is  shown  by  nearly  all  of  the 
analyses  made  to  be  substantially  the  same  as  that  at  the  source. 

Ground  Waters  Stored  in  Open  Tanks. 
Observations  have  been  made  at  Swampscott,  Braintree  and 
Sharon,  where  ground  waters  are  pumped  to  tanks  which  are  open 
at  the  top  ;  also  at  Watertown,  where  the  tank  is  covered  over,  but 
the  light  is  not  wholly  excluded.  The  dimensions  of  the  tanks  are 
as  follows :  — 


Diameter. 


Height. 


Swampscott, 
Braintree,     . 
Sharon, 
Watertown,  . 


22.5  feet. 
30  feet. 
20  feet. 
40  feet. 


110  feet. 
100  feet. 

80  feet. 

40  feet. 


The  analyses  indicate  that  the  water  stored  in  these  tanks  does 
not  undergo  any  material  change. 

Notwithstanding  this  result,  it  must  not  be  assumed  that  water 
can  be  stored  in  all  open  iron  tanks  without  deteriorating,  as  the  one 
at  Brookline  before  it  was  covered  gave  as  much  trouble  from  the 
growth  of  organisms  as  the  open  distributing  reservoir.  This 
tank  is  fifty  feet  in   diameter  and  thirty  feet  high,  so   that  it 
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admitted  light  much  more  freely  than  those  above  referred  to. 
Since  it  was  covered  the  water  has  been  uniformly  of  as  good 
quality  as  at  the  source,  as  indicated  by  the  table  on  page  728. 


Special  Experiment  upon  the  Storage  of  Ground  Water  at  Hyde 

Park. 

The  storage  of  ground  water  in  the  open  distributing  resei-voir  at 
Hyde  Park  caused  such  offensive  tastes  and  odors  that  the  water 
company  found  it  necessary  to  apply  a  remedy,  and  for  a  time  in  the 
spring  of  1889  resorted  to  continuous  pumping,  thereby  temporarily 
discontinuing  the  use  of  the  reservoir.  At  this  time  an  experiment 
was  made  as  to  the  effect  of  storing  water  fresh  from  the  pumps  in 
the  open  reservoir  where  light  would  have  free  access  to  it,  and  in 
the  gate-house  where  light  was  wholly  excluded.  As  a  preparation 
for  the  experiment,  the  water  was  drawn  fri>m  the  reservoir  on  two 
successive  weeks,  and  each  time  it  was  cleaned  as  thoroughly  as 
was  practicable  with  a  reservoir  having  a  slope  paving  of  stones  laid 
without  mortar.  The  gate-house  was  also  cleaned,  and  the  valves 
were  arranged  to  isolate  it  from  the  reseiToir  and  from  the  pij^ 
system.  After  the  gate-house  and  reservoir  had  been  filled  with 
water,  the  valves  were  closed  and  the  pressure  in*  the  pipes  was 
kept  somewhat  less  than  that  in  the  gate-house,  so  as  to  prevent 
leakage  from  the  former  into  the  latter.  The  water  in  the  gate- 
house lowered  somewhat  from  day  to  day,  indicating  outward 
leakage ;  but,  owing  to  this  lowering,  some  water  may  also  have 
leaked  into  the  gate-house  from  the  reservoir.  Pumping  into  the 
reservoir  began  May  16,  1889,  and  ended  May  22,  when  the  reser- 
voir was  full.  The  first  samples  were  collected  May  24.  The 
water  was  drawn  out  of  the  gate-house  May  29,  in  order  to  stop  a 
leak,  and  was  replaced  with  fresh  water ;  and  again  on  July  10, 
when  the  experiment  was  nearly  at  an  end,  about  eight  inches  in 
depth  was  drawn  from  the  reservoir  and  replaced. 

Analyses  of  water  from  the  reservoir  and  gate-house  are  given  in 
the  following  table  :  — 
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Analyses  of  Water  from  the  Open  Reservoir  and  Darkened  Qate-house  of  the  Hyde 

Park  Water  Company. 

XoTE.  —  The  water  entering  the  re8er\'oir  is  oMnmed  to  be  of  the  same  character  as  a  sample  obtained 
at  the  pumping  station  nine  days  before  the  filling  of  the  reservoir  was  began. 


Frkb 
Ammonia. 

Albuminoid  Avmoxia. 

NlTROGEJI  AS 

s 

1 

1 

5 

OPKN  SXSKHVOIB. 

OATB- 
HOIJfB. 

KITRATB8. 

KITBITBS. 

DATE -1889. 

1 

CO 

2 

I 

§3 

5 

o^ 

.c 

Water  entering  reservoir, 

.0002  '  .0002 

1 

.0016 

1 

.0000 

.0018 

.0016 

.0600 

.0600 

.0000 

.0000 

May  24.   . 

.0020  ;  .0000 

.0054 

.0170 

.0224 

.0054 

.0450 

.0600 

.0009 

.0002 

May  29, 

.0018 

.0012 

.0082 

.0406 

.0488 

.0064 

.0040 

.0360 

.0005 

.0002 

June  3, 

.0000 

.0022 

.0086 

.0248 

.0334 

.0052 

.0040 

.0500 

.0001 

.0003 

Jane  0, 

.0000 

,0018 

.0080 

.0128 

.0208 

.0054 

.0000 

.0600 

.0000 

.0003 

June  12, 

.0014 

.0028 

.0102 

.0064 

.0188 

.0048 

.0000 

- 

.0000 

.0004 

June  20, 

.0000 

.0006 

.0082 

.0052 

.0134 

.0044 

.0020 

.0630 

.0000 

.0012 

June  26, 

.0000 

.0010 

.0128 

.0060 

.0188 

.0056 

.0030 

.0800 

.0000 

.0006 

July  12, 

.0086 

.0000 

.0138 

.0020 

.0168 

.0052 

.0020 

.0550 

.0000 

.0000 

July  18, 

.0046 

.0002 

1  .0178 

.0042 

.0220 

.0058 

.0050 

.0650 

.0002 

.0001 

July  24, 

.0036 

.0002 
.0011 

1  .0162 

.0040 

.0192 

.0040 

.0030 

.0480 

.0001 

.0000 

Average, 

.0017 

.0108 

.0123 

.0231  ,  .0052 

.0068 

.0573 

.0002 

.0008 

The  experiment  was  practically  successful,  as  the  water  in  the 
reservoir  soon  became  a  bright  green,  owing  to  the  growth  of 
immense  numbers  of  the  alga  Scenedesmus^  while  the  water  in  the 
gate-house  apparently  remained  unchanged.  The  chemical  and 
microscopical  examinations  showed,  however,  that  the  water  in  the 
gate-house  had  changed  somewhat,  which  was  probably  due  to 
leakage  and  the  unsatisfactory  character  of  the  place  for  conducting 
an  experiment  of  this  kind.  The  results  in  the  open  reservoir  are 
particularly  instructive  with  regard  to  the  changes  which  may  take 
place  in  a  ground  water  when  it  is  exposed  to  the  light.  To  exhibit 
these  more  clearly,  the  accompanying  diagram  has  been  prepared :  — 
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Diagram  showing  the  amounts  of  Dissolved  and  Suspended  Albuminoid  Ammonia 
and  Nitrates  in  the  Open  Reservoir  of  the  Hyde  Park  Water  Co. ;  Mag  16  to  July 
24, 18S9. 


Jf MAY    --•! JUNE  - 


JULY i{ 


The  history  of  the  water  in  the  reservoir  appears  to  be  as  fol- 
lows :  The  organisms,  represented  in  the  analysis  by  the  suspended 
albuminoid  ammonia,  began  to  grow  as  soon  as  the  water  was  turned 
into  the  reservoir,  and  when  the  first  sample  was  taken,  two  days 
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after  the  filling  of  the  reservoir  was  completed,  they  were  present 
in  great  numbers.  On  May  29  the  water  contained  the  maximum 
amount  of  suspended  organisms,  which  by  their  growth  had  used  up 
practically  all  of  the  nitrogen  in  the  inorganic  form  of  nitrates 
originally  contained  in  the  water.  From  this  time  the  number 
of  organisms  in  the  water  decreased,  probably  by  their  sinking  to 
the  bottom  and  slopes  of  the  reservoir.  The  albuminoid  ammonia 
in  solution,  which  in  this  case  is  either  dissolved  from  or  excreted 
by  the  organisms,  showed  a  large  increase  from  the  beginning  of  the 
experiment  to  its  end. 

The  microscopical  examinations  confirmed  the  results  obtained  by 
chemical  analysis. 

Taking  the  experiment  as  a  whole,  it  is  an  excellent  illustration 
of  the  rapidity  with  which  organisms  may  develop  in  ground  water 
containing  suitable  mineral  food.  Similar  results  have  been  ob- 
tained by  Mr.  F.  F.  Forbes,*  from  microscopical  examinations  of 
the  water  of  the  open  distributing  reservoirs  at  Brooklino  and 
Newton,  subsequent  to  their  being  filled  with  fresh  water. 

It  has  sometimes  been  suggested  that  these  growths  in  ground 
water  reservoirs  were  due  to  insufficient  circulation ;  that  is,  to  not 
changing  the  water  in  the  reservoir  often  enough.  The  foregoing 
experiment  indicates  that  the  algos  grow  so  rapidly  when  supplied 
with  fresh  water  that  it  would  be  impracticable  to  change  it  often 
enough  to  prevent  their  growth.  A  practical  experiment  to  test  the 
value  of  such  circulation  was  made  at  Brookline,  and  the  results  are 
stated  by  Mr.  Forbes  in  the  paper  above  alluded  to,  as  follows  :  — 

**  As  additional  proof  of  the  statement  I  have  just  made,  I  will 
relate  a  little  experrience  we  had  in  the  Brookline  reservoir  several 
years  ago.  Everybody  said  that  circulation  was  what  we  needed 
to  keep  the  water  free  from  algce,  and  one  time,  after  the  reservoir 
had  been  carefully  cleaned,  this  view  of  the  case  was  given  a 
thorough  trial.  It  was  in  summer,  when  our  daily  consumption  was 
about  a  million  gallons.  All  the  water,  nearly,  was  pumped  into 
one  end  of  the  reservoir,  and  made  to  pass  through  it.  The  amount 
of  water  in  the  reservoir  during  this  trial  was  not  much  in  excess 
of  the  daily  consumption ;  in  other  words,  nearly  as  much  water 
was  pumped  into  the  reservoir  each  day,  and  drawn  from  it,  as  the 

•  "  A  study  of  AlgJB  Growths  in  Reservoirs  and  Ponds,"  by  F.  F.  Forbes,  Superintendent 
of  Water  Works,  Brookline,  Mass.  Journal  of  the  New  England  Water  Works  Association, 
June,  1890. 
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reservoir  contained,  yet  the  algce  came  in  about  the  same  length  of 
time,  and  were  fully  as  abundant.  In  consequence  of  this,  the  con- 
sumer received  no  water  which  was  not  laden  with  algae ;  whereas, 
if  the  water  had  been  pumped  directly  into  the  distribution,  and 
only  the  surplus  reached  the  reservoir,  the  water  would  have  been 
good  as  long  as  pumping  continued." 

Summary. 

In  the  foregoing  comparisons  and  experiment,  showing  the  effect 
of  the  storage  of  surface  and  ground  waters  in  distributing  reservoirs 
and  tanks,  we  find  that  surface  waters  may  be  so  stored  without 
deteriorating  in  quality ;  and  at  one  place  (Lawrence)  there  is  a 
marked  improvement  in  the  quality  of  the  water,  owing  to  the 
storage  and  subsequent  passage  through  pipes  to  the  consumers. 
The  State  does  not  contain  any  good  examples  of  surface  waters 
stored  in  covered  reservoirs ;  but  it  seems  probable  that,  under 
such  conditions,  water  containing  many  algse  might  become  worse 
owing  to  their  death  when  deprived  of  light. 

With  ground  waters  the  case  is  entirely  different,  as  the  water  at 
the  source  is  free  from  organisms,  and  it  only  needs  to  be  kept  so 
in  order  to  be  delivered  to  the  consumer  in  satisfactory  condition. 
The  comparisons  show  that  the  ground  water  does  not  deteriorate 
when  the  light  is  excluded  ;*  but  that  it  does  when  exposed  to  the 
light,  except  in  some  instances  where  the  water  is  stored  in  iron 
tanks  which  receive  only  a  limited  amount  of  light.  It  seems 
hardly  safe,  however,  in  view  of  the  unfavorable  effect  of  storing 
ground  water  in  the  high-service  tank  at  Brookline,  to  rely  upon 
these  apparent  exceptions  to  the  rule ;  and  it  is  better  in  all  cases 
to  keep  a  ground  water  in  the  dark. 

Storage  of  Surface  Waters  in  Large  Storage  Reservoirs  or 

Ponds. 
As  has  been  stated  previously,  it  is  almost  always  necessary,  in 
order  to  obtain  a  surface  water  supply,  to  take  the  water  which  is 
stored  in  a  natural  pond,  or,  where  such  a  source  cannot  be  obtained, 
to  build  an  artificial  storage  reservoir,  to  prevent  a  deficiency  in  the 
supply  in  dry  seasons. 

*  These  statements  are  not  trne  of  imperfectlj  filtered  snrface  waters,  as  they  are  freqaentlj 
affected  by  a  growth  of  Crenothrix,  which  thrives  better  in  the  darlc  than  in  the  light. 
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The  most  obvious  difference  in  these  two  kinds  of  storage  is  in 
the  character  of  the  basin.  In  a  pond,  unless  the  level  has  been 
changed,  the  existing  conditions  have  prevailed  so  long  that,  even  if 
the  bottom  is  muddy,  they  may  be  expected  to  affect  the  water  much 
less  than  vegetable  deposits  which  have  been  flooded  in  reservoirs 
within  a  comparatively  recent  period.  There  are  also  other  differ- 
ences between  ponds  and  reservoirs.  The  former  are  generally 
deeper  and  situated  nearer  the  head  waters  of  streams,  so  that  they 
store  the  water  for  a  much  longer  time.  It  is  not  uncommon  for 
ponds  to  have  a  capacity  equal  to  the  yield  of  their  watersheds  for 
one,  two  or  even  three  years.  A  pond  having  a  small  watershed, 
particularly  if  the  region  is  gravelly  or  sandy,  may  receive  nearly 
all  of  its  water  by  filtration,  and  that  which  finds  access  to  the  pond 
from  the  surface  will  be  free  from  contamination  by  swamps,  A 
reservoir,  on  the  contrary,  is  generally  fed  mainly  by  the  stream 
upon  which  it  is  built,  which  in  turn  may  derive  a  part  of  its 
supply  from  swamps. 

It  may  therefore  be  said  in  a  general  way  of  natural  ponds,  as 
compared  with  storage  reservoirs,  that  they  are  deeper,  and  receive 
more  ground  water  and  colorless  surface  water,  and  that  the  water 
in  them  is  replaced  less  frequently ;  also  that  they  do  not  contain  in 
their  bottoms  recently  flooded  deposits  of  vegetable  matter. 

There  are  of  course  exceptions  to  these  rules,  as  some  ponds  are 
very  shallow,  and  others  have  been  raised,  thereby  covering  large 
areas  of  swamp  and  meadow ;  while,  on  the  other  hand,  some  artificial 
reservoirs  have  been  prepared  by  removing  all  vegetable  matter 
from  them,  so  that  in  some  respects  they  are  better  than  ponds. 

The  storage  of  water  in  ponds  and  reservoirs  has  frequently 
favored  the  growth  of  algee  and  other  organisms  which  affect  the 
taste  and  odor  of  water ;  but  it  has,  on  the  other  hand,  been  gener- 
ally thought  to  decrease  the  color  of  the  water  by  the  bleaching 
action  of  the  sun,  and  also  to  improve  the  water  by  sedimentation. 

The  various  effects  of  storage  under  different  conditions,  so  far  as 
they  are  indicated  by  the  examinations  made,  will  be  given  in  detail. 


The  Effect  of  Storage  upon  Color. 
Observations  have  been  made  of  the  color  of  water  taken  from 
the  principal  streams  entering  several  reservoirs  and  ponds,  and  of 
the  water  at  their  outlets. 
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A  direct  comparison  of  the  colors  obtained  at  these  two  places 
shows  not  only  the  effect  of  storage,  but  also  the  effect  of  dilution 
by  water,  generally  having  less  color,  which  enters  the  reservoir 
from  the  surrounding  territory  or  from  the  ground.  Where  a  very 
large  proportion  of  the  water  enters  the  resei*voir  at  the  main  inlet, 
the  effect  of  dilution  is  of  little  account.  In  other  cases  it  is  much 
more  important. 

No  special  examinations  have  been  made  to  ascertain  the  color  of 
the  water  from  these  secondary  sources ;  but,  as  it  can  be  inferred 
from  the  nature  of  the  surroundings,  it  is  thought  best  in  present- 
ing the  results  to  correct  the  color  of  the  water  at  the  inlet,  so  as 
to  represent  more  accurately  the  average  color  of  the  whole  of  the 
water  entering  the  reservoir.  It  is  not  claimed  that  this  correction 
is  an  accurate  one,  but  that  it  is  better  than  none  at  all.  In  most 
of  the  cases  the  general  result  is  the  same  whether  the  correction  is 
Applied  or  not. 

The  following  table  gives  the  average  color  of  waters  taken  at  the 
inlet  and  outlet  of  five  reservoirs  ;  also  the  percentage  of  the  whole 
drainage  area  which  is  situated  above  the  main  inlet,  and  the  capac- 
ity of  the  reservoir  as  compared  with  the  amount  of  water  flowing 
annually  from  the  watershed  :  — 


Table  shewing  the  Effect  of  Long  Storage  upon  the  Color  of  Water. 


LOCALITY. 

Percentage  of 

Waterkhcd 
above  Inlet. 

Average  Time 
Kequired  to 

All  the 
Ecservolr. 

Months. 

Color 

at  Main 

Inlet. 

Estimated 

Average  Color 

of  all  Water 

entering 

Beservulr. 

Color 

at 
Ootlet. 

Change. 

Boston,  RoBervoir  8,    . 
Boston,  Reservoir  3,    . 
Boston,  Lake  Cochltaate,    . 
Boston,  Reservoir  4,    . 
Brockton  Reservoir,    . 

79 
97 
40 
84 
82 

1.8 
0.4 
8.5 
7.5 
8.4 

1.00 
1.10 
0.86 
1.40 
2.24 

0.86 
1.07 
0.58 
1.27 
1.87 

0.82 
0.98 
0.25 
0.72 
0.89 

—.04 
—  .09 
—.33 
—.55 
— .9S 

L 


The  above  table  shows  in  every  case  a  decrease  in  the  amount  of 
color,  which,  however,  is  extremely  small  in  Reservoirs  2  and  3. 
By  referring  to  the  third  column,  it  will  be  seen  that  these  reservoirs 
are  very  small  in  comparison  with  the  amount  of  water  entering 
them,  so  that  on  an  average  the  water  remains  in  them  only  about 
a  month.     In  the  dry  season  it  may  remain  two  or  three  months. 
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This  length  of  time  is  thus  shown  to  be  too  short  to  cause  any 
marked  change  in  the  color  of  the  water. 

In  Lake  Cochituate  and  Reservoir  4,  the  'average  length  of 
storage  is  eight  months ;  and  in  these  cases  there  is  a  very  decided 
reduction  of  color,  amounting  to  57  per  cent,  in  the  lake  and  43 
per  cent,  in  the  reservoir.  At  Brockton  the  reduction  in  color  is 
greater  than  in  any  other  case,  notwithstanding  the  fact  that  the 
average  length  of  storage  is  somewhat  less  than  one-half  of  that  in 
the  two  cases  last  mentioned.  This  may  be  due  to  the  fact  that  the 
observations  at  Brockton  extended  over  only  four  months  in  the 
spring  and  summer,  which  is  hardly  a  sufficient  time  for  a  fair  com- 
parison ;  or  it  may  possibly  be  accounted  for  by  the  fact  that  this 
reservoir  has  much  less  depth  than  the  others,  so  that  it  has  a  greater 
relative  surface,  and  that  it  contains  in  summer  more  organisms 
which  may  assist  in  destroying  the  color.  In  addition  to  the  cases 
recorded  in  the  table,  occasional  observations  have  been  made  at 
the  Ludlow  Reservoir,  Springfield,  which  give  indications  similar 
to  the  above.  The  average  color  of  the  feeders  of  this  reservoir,  as 
deduced  from  seven  observations,  is  .61,  while  the  average  color  of 
the  water  in  the  reservoir  is  .15. 

Two  excellent  opportunities  to  determine  the  effect  of  storage 
upon  color  were  afforded  when  the  Parker  Hill  Distributing  Reser- 
voir of  the  Boston  Water  Works  was  temporarily  shut  off  from  the 
rest  of  the  system,  and  no  water  passed  into  or  out  of  it.  It  was 
first  shut  off  Dec.  3,  1887,  when  the  water  in  it  had  a  color  of  0.4. 
On  April  2,  1888,  the  color  was  0.35,  or  only  a  little  lower  than 
four  months  before ;  but  on  the  eighteenth  of  June,  1888,  the  color 
had  diminished  to  0.1.  The  reservoir  was  next  shut  off  Jan.  9, 
1889.  No  direct  observation  of  the  color  of  the  water  was  made 
at  this  time ;  but,  from  examinations  of  the  source  from  which  it 
is  supplied,  its  color  is  known  to  have  been  0.45.  On  June  4  of  the 
same  year,  the  color  was  only  0.05,  and  two  months  later  the  water 
was  colorless. 

In  a  large  lake,  during  the  summer  when  little  water  enters  it, 
and  a  change  in  color  cannot  be  attributed  to  dilution,  a  reduction 
of  color  occurs  similar  to  that  at  the  Parker  Hill  Reservoir.  A  good 
example  of  this  is  furnished  by  Lake  Cochituate,  as  will  be  seen  by 
the  following  table  :  — 
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Table  showing  Change  in 

Color  of  Water  in  Lake  CochUuate  during  the 
Summer  Months, 

1887. 

1888. 

1889. 

ISM. 

Juno  1,.       .       •       .       .       ■       .       •       .       • 

0.30 

0.35 
0.10 
0.10 
0.05 
0.05 

0.15 
0.30 
0.10 
0.20 
0.30 

0.20 

Jaly  1 

0.20 

0.10 

AtimiBt  1.          ........> 

0.30 

0.03 

September  li.. 

0.15 

0.10 

October  1, 

0.10 

0.05 

In  every  year  except  1889  there  is  a  marked  reduction  in  the 
color  during  the  summer.  The  exception  in  this  year  appears  to  be 
due  to  the  extremely  high  rainfall. 

It  is  probably  owing  to  this  bleaching  action,  as  well  as  to  the 
infiltration  of  ground  water,  that  lakes  and  ponds  which  are  large 
in  proportion  to  their  watersheds  have  generally  a  low  color. 

The  general  conclusion  reached  from  the  above  comparisons  is 
that  the  color  of  water  exposed  to  the  sun  in  open  reservoirs  is 
reduced  by  storage ;  but  that  it  must  be  stored  for  several  months 
to  cause  any  material  reduction  of  color,  and  from  six  mouths  to  a 
year  to  remove  practically  all  of  it. 

The  Effect  of  Storage  upon  the  Chemical  Character  of  a  Water. 

Changes  in  the  chemical  character  of  a  water,  due  to  storage, 
may  be  observed  in  the  same  way  as  the  change  in  color ;  that  is, 
by  the  comparison  of  analyses  of  water  taken  at  the  main  inlet  and 
at  the  outlet  of  a  pond  or  reservoir.  The  chemical  determinations 
which  have  the  greatest  interest  are  the  nitrogen  compounds ; 
namely,  the  free  and  albuminoid  ammonia,  and  the  nitrates  and' 
nitrites.  The  albuminoid  ammonia  is  determined  before  and  after 
filtration  through  filter  paper,  and  the  difference  between  these 
determinations  represents  the  albuminoid  ammonia  from  the  sus- 
pended particles,  which  are  for  the  most  part  algre  and  other  minute 
organisms.  The  following  table  shows  comparative  average  analyses 
at  four  places  :  — 
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Taft/e  showing  Effect  of  Long  Storage  upon  the  Nitrogen  Compounds  in  Water. 

[ParU  per  100,000  ] 


Percent- 
age of 

Water- 
shed 
above 
Inlet. 

Average  \ 
Time  re' 
quired 
to  fill 
Reser- 
voir. 

Months. 

Frbb 
Ammosiia. 

Alboxixoid  Asixonia. 

NiTBOOEH  AS 

i 

c 

1 

DISSOLVED. 

8USPB3IDEO. 

NITRATES. 

NITRITES. 

Inlet. 

Reser- 
voir. 

Inlet. 

Reser- 
voir. 

Inlet 

Reser- 
voir. 

Inlet. 

Reser- 

voir. 

Boston,  Reservoir  3, 
Boston,  Reservoir  2, 
Boston,  Reservoir  4, 
Brockton  Reservoir, 

79 
97 
84 
82 

1.3 
0.4 
7.6 
3.4 

.0042 
.0016 
.0017 
.0022 

.0041 
.0010 
.0013 
.0022 

.0272 
.0257 
.0278 
.0429 

.0230 
.0233 
.0204 
.0266 

.0030 
.0031 
.0030 
.0024 

.0047 
.0050 
.0032 
.0*169 

.0255 
.0113 
.0077 
.0030 

.0197 
.0084 
.0079 
.0038 

.0004 
.0002 
.0001 
.0001 

.0003 
.0001 
.0001 
.0001 

Average, 

85 

3.1 

.0024 

.0021 

.03U0 

.0231 

.0029 

.0074 

.Oltf 

.OOiTO 

.0002 

.0001 

Before  discussing  the  table,  it  is  well  to  state  that  direct  averages 
of  monthly  observations,  as  given  above,  may  be  misleading  if  the 
amount  of  any  constituent  varies  much  at  different  seasons  of  the 
year;  because,  in  the  average,  equal  weight  is  given  to  the  high 
flow,  which  may  in  a  month  displace  all  of  the  water  in  a  reservoir, 
and  to  the  low  flow,  which  may  merely  mix  with  that  already  in  the 
reservoir  without  displacing  much  of  it.  In  the  present  case,  an 
examination  of  the  monthly  observations  indicates  that  the  results 
are  not  misleading  except  in  the  case  of  the  dissolved  albuminoid 
ammonia,  which  shows  a  greater  reduction  than  should  be  ascribed 
to  the  effect  of  storage.  This  is  the  case  particularly  at  Brockton, 
where  the  observations  extended  over  only  four  months. 

The  table  indicates  that  no  significant  changes  take  place  in  the 
amount  of  free  ammonia  and  nitrites ;  but  that  there  is  a  reduction 
of  about  one-sixth  in  the  amount  of  nitrates,  and  a  decided  increase 
in  the  amount  of  suspended  albuminoid  ammonia.  The  last-named 
change  corresponds  to  the  well-known  fact  that  organisms  are  more 
abundant  in  reservoirs  than  in  streams. 

Although  the  table  indicates  that  in  these  instances  the  nitroo^en 
compounds  in  stored  waters  do  not  undergo  very  radical  changes,  it 
is  known  that  such  changes  do  occur  at  some  places.  As  instances, 
Jamaica  Pond  and  the  Ludlow  Reservoir  (which  will  be  referred  to 
subsequently)  may  be  mentioned. 

Storage  in  a  large  reservoir  may  have  .a  salutary  effect  by  ming- 
ling the  different  kinds  of  water  which  enter  it ;  for  instance,  the 
bulk  of  the  water  in  a  reservoir  may  be  that  which  has  entered  it 
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during  the  spring  freshets  when  the  water  is  in  its  purest  state  ;  and 
this  water  may  dilute  the  much  more  swampy  or  polluted  water 
which  enters  during  a  subsequent  season  of  low  flow,  so  that  the  bad 
quality  of  such  water  is  much  less  noticeable  than  it  would  be  if 
furnished  directly  to  the  water  takers. 

The  Effect  of  Storage  upon  the  Taste  and  Odor  of  Surface  Waters. 

This  title  is  not  intended  to  refer  to  the  usual  taste  and  odor  of 
waters,  but  rather  to  those  which  at  times  make  water  very  disagree- 
able. These  troubles  have  in  nearly  all  cases  been  traced  to  the 
growth  of  organisms  in  the  water. 

The  existence  of  these  troubles  can  best  be  determined  from  the 
practical  exi)erience  of  those  using  the  water ;  but  they  are  also  indi- 
cated by  the  odors  and  the  amount  of  suspended  organic  nitrogen 
as  determined  by  the  chemist,  and  by  the  abundance  of  microscopic 
growths  as  detennined  by  the  biologist. 

Although  streams  are  sometimes  subject  to  certain  disadvantages 
as  sources  of  water  supply,  such  as  the  pollution  due  to  domestic 
and  manufacturing  wastes,  the  turbidity  occasioned  by  rains,  or  the 
peaty  character  of  the  water  caused  by  drainage  from  swamps,  it 
is  well  known  that  they  are  not  aflected  by  the  peculiar  bad  tastes 
and  odors  to  which  stored  waters  are  subject.  Practically  the  same 
conclusion  is  reached  in  the  report  of  the  biologist  (page  603),  Avho 
finds  much  smaller  numbers  of  organisms  in  streams  than  in  ponds 
and  reservoirs. 

These  facts  are  of  limited  practical  value,  because  water  supplies 
cannot,  in  most  cases,  be  obtained  from  streams  without  storage  ;  and 
it  is  therefore  desirable  to  indicate  under  what  conditions  of  storaofe 
and  with  what  character  of  water,  troubles  are  least  likely  to  occur  ; 
that  is  to  say,  are  they  less  likely  to  occur  in  natural  ponds  or  in 
artificial  storage  reservoirs,  in  deep  basins  or  in  shallow  ones,  in 
unpolluted  or  in  polluted  waters,  in  waters  of  high  or  of  low  color, 
or  in  those  which  are  stored  a  long  or  a  short  time  ?  In  view  of  the 
necessarily  imperfect  record  of  the  occurrence  of  bad  tastes  and  odors, 
and  the  many  causes  which  affect  the  results,  it  would  be  desirable 
to  have  observations  at  a  much  larger  number  of  places  than  this 
State  can  furnish ;  but  the  observations  which  have  been  made  throw 
considerable  light  upon  the  subject. 

It  has  already  been  mentioned  that  streams  are  not  subject  to 
these  bad  tastes  and  odors.     The  same  is  true  of  nearly  all  of  the 


Digitized  by  LjOOQIC 


1889.]  WATER  SUPPLY  AND  SEWERAGE.  741 

small  reservoirs  which  contain  but  a  few  days'  supply.  These  are 
frequently  built  upon  mountain  streams,  and  their  most  important 
office  is  to  act  as  settling  basins  to  catch  the  gravel,  sand  and  d6bris 
brought  down  by  the  stream.  The  effect  of  reservoirs  of  this  kind 
is  wholly  beneficial.  In  a  great  majority  of  cases,  however,  it  is 
necessary  to  provide  storage  equal  to  the  amount  of  water  consumed 
in  a  month  or  more,  and  only  such  reservoirs  as  contain  this  amount 
of  storage  will  be  further  considered. 

Observations  have  been  made  on  71  ponds  and  reservoirs  of  this 
class,  nearly  all  of  which  are  sources  of  water  supply.  Of  these, 
45,  or  63  per  cent.,  have  at  some  time  given  trouble  from  bad  tastes 
and  odors ;  but  in  three  instances  the  troubles  have  occurred  in 
reservoirs  which  have  only  recently  been  filled,  and  may  not  recur 
when  the  reservoirs  are  older.  In  16  other  cases  the  trouble  has 
not  been  serious,  or  has  occurred  only  at  long  intervals,  leaving 
26,  or  37  per  cent.,  of  the  ponds  and  older  reservoirs  which  have 
given  much  trouble.  In  making  a  distinction  between  supplies 
which  have  given  much  and  little  trouble,  those  in  which  the  aggre- 
gate duration  of  the  bad  tastes  and  odors  has  not  exceeded  one 
month  in  five  years  are  included  in  the  latter  class. 

In  making  a  further  classification  it  has  been  assumed  that  all 
natural  ponds  should  be  classed  as  ponds,  even  though  they  were 
made  artificial  in  part  by  being  raised ;  while  all  artificial  reservoirs 
are  classed  as  reservoirs,  even  though  they  may  have  existed  as  mill 
ponds  for  a  very  long  time.  Ponds  and  reservoirs  are  assumed  to 
be  polluted  when  the  population  upon  the  drainage  area  is  more  than 
300  to  the  square  mile,  and  the  waste  products  from  this  population 
enter  the  pond  or  reservoir  either  directly  or  by  filtration  through 
the  ground.  In  the  latter  case  the  sewage  may  be  wholly  purified 
by  filtration,  yet  the  efiluent  will  contain  nitrates  which  will  promote 
the  growth  of  organisms,  and  may  thereby  cause  bad  tastes  and 
odors.  Where  the  average  depth  is  less  than  9  feet,  the  pond  or 
reservoir  is  called  shallow ;  and  in  two  instances  where  there  is  a 
great  deal  of  very  shallow  flowage,  ponds  having  an  average  depth 
of  10  feet  are  classed  as  shallow.  Water  having  a  color  of  0.30  or 
more  is  assumed  to  have  a  high  color. 

Using  the  above  arbitrary  divisions,  a  classification  of  the  ponds 
and  reservoirs,  with  reference  to  the  occurrence  or  non-occurrence 
of  troubles,  has  been  made.  The  three  new  reservoirs  above  re- 
ferred to  have  been  omitted ;  also  Farm  Pond  and  Chestnut  Hill 
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Reservoir  (both  of  which  have  once  been  seriously  affected) ,  for  the 
reason  that  the  former  receives  most  of  its  water  from  the  storage 
reservoirs  on  Sudbury  River,  and  the  latter  was  affected  when  it 
received  water  from  Lake  Cochituate  only.  The  results  are  pre- 
sented in  the  following  table  :  — 

A  Classification  of  Ponds  and  Reservoirs  with  reference  to  Troubles  from    Bad 

Tastes  and  Odors, 


•        POKDS. 

RKSEBVOIRfl. 

CONDITION. 

Much 
Trouble. 

Little 
Trouble. 

No 

Trouble. 

Much 
Trouble. 

Little    1       No 
Trouble.    Trouble. 

POLLUTBD, 

Shallow  and  high  color,    . 
Shallow  and  low  color,     . 
I>eep  and  high  color, 
Deep  and  low  color,  . 

luted. 

i 

3 

4 

-      ' 

1              1              1             H4 

i       1       1       1 

Total  polluted,    . 

Unpolluted. 
Shallow  and  high  color,    . 

Shallow  and  low  color,     . 

Deep  and  high  color, 

Deep  and  low  color,  . 

4 

1 

;      3 

1 

4 

1 
2 
4 

1 

2 

16 

1 

10 

\ 
1 
3 

1 

•  2 
2 

2 

4 

1 

ToUl  unpolluted. 

4 

7 

19       1 

15       1        4         1        7 

Total  polluted  and  unpo 

8 

11 

19 

16 

5 

'■ 

The  above  table  shows  that,  out  of  a  total  of  38  ponds,  8,  or  21 
per  cent.,  have  given  much  trouble  from  bad  tastes  and  odors; 
while,  of  the  28  reservoirs,  16,  or  57  per  cent.,  are  similarly 
affected. 

In  comparing  the  polluted  and  unpolluted  ponds,  the  effect  of 
pollution  is  very  obvious.  All  of  the  polluted  ponds  are  deep ; 
but,  notwithstanding  this  advantage,  all  are  affected  to  some  extent, 
and  half  of  them  give  much  trouble.  Of  the  25  deep  unpolluted 
ponds,  only  1  has  given  much  trouble,  6  have  given  a  little  trouble, 
and  18  no  trouble  whatever.  This  indicates  that  there  is  little 
dansrer  of  having  serious  trouble  from  bad  tastes  and  odors,  if  a 
water  supply  can  be  taken  from  a  deep  pond  which  is  unpolluted. 
The  shallow  unpolluted  ponds  appear  to  be  subject  to  bad  testes 
and  odors,  as  3  out  of  a  total  of  5  give  much  trouble,  and  1  a  little 
trouble.' 
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Only  2  of  the  reservoirs  are  polluted,  but  these  give  the  same 
indication  as  the  8  polluted  ponds,  1  giving  much  trouble  and  the 
other  a  little.  Of  the  26  unpolluted  reservoirs,  one-half  are  shal- 
low. Of  these,  11  give  much  trouble  and  2  give  none.  In  nearly 
all  of  these  cases  in  which  trouble  has  occurred,  the  reservoirs  have 
been  constructed  on  new  sites,  and  the  soil  and  vegetable  mat- 
ter have  not  been  removed  from  their  bottoms  and  sides.  In  one 
of  the  cases  where  there  is  no  trouble  the  reservoir  was  used  to 
furnish  power  for  a  mill  before  being  used  as  a  source  of  domestic 
water  supply.  The  conclusion  to  be  drawn  from  this  comparison 
is,  that  a  shallow  resers'oir  large  enough  to  hold  a  supply  for  a 
month  or  more  is  quite  sure  to  give  trouble  if  the  soil  and  vegetable 
matter  are  not  removed  from  it  before  filling.  The  experience  at 
the  present  time  is  too  limited  to  enable  us  to  predict  what  propor- 
tion of  cleaned  or  old  shallow  reservoirs  are  likely  to  give  trouble. 

Of  the  13  deep,  unpolluted  reservoirs,  4  give  much  trouble, 
4  a  little,  and  5  none.  It  is  noticeable  that,  of  the  5  which  give 
no  trouble,  4  have  had  the  soil  and  vegetable  matter  removed  from 
them,  and  1  was  previously  a  storage  reservoir  for  mill  purposes ; 
while,  of  the  8  which  have  given  more  or  less  trouble,  none  have 
been  thoroughly  cleaned,  and  only  1  was  previously  used  for  mill 
purposes ;  and  even  this  has  since  been  raised.  Two  of  the  older 
reservoirs,  which  are  classed  as  giving  little  trouble,  have  not  given 
any  trouble  in  recent  years. 

Among  the  4  deep  reservoirs  classed  as  giving  much  trouble  is 
the  Ludlow  Reservoir,  at  Springfield,  which  has  furnished  bad  water 
in  summer  for  16  years.  The  other  3  reservoirs  of  this  class  have 
not  given  nearly  as  much  trouble. 

In  several  instances  the  reservoirs  which  have  given  trouble  are 
flowed  over  swamps^and  meadows. 

Selecting  from  the  table  the  high  and  low  colored  waters,  we  find 
that  there  are  24  of  the  former  and  42  of  the  latter.  Of  those  with 
a  high  color,  75  per  cent,  have  given  trouble ;  while  of  those  with  a 
low  color  but  52  per  cent,  are  affected.  This  unfavorable  showing 
for  the  high-colored  waters  appears  to  be  due  to  other  consider- 
ations than  the  color ;  that  is  to  say,  the  high  colors  predominate  in 
shallow  reservoirs,  while  the  low  colors  are  found  under  the  more 
favorable  conditions  of  deep  ponds.  A  study  of  the  table  in  detail 
indicates  that  the  effect  of  color,  if  any,  is  very  much  less  than  that 
of  pollution  and  the  conditions  of  storage. 
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The  foregoing  classification  has  been  based  for  the  most  part  upon 
the  information  obtained  from  official  reports  and  other  outside 
sources,  and  it  may  be  instructive  to  compare  the  chemical  charac- 
teristics of  these  waters,  adhering  to  the  same  classification.  Such 
comparisons  are  presented  in  the  following  tables  :  — 


Analyses  of   Ponds  and  Reservoirs,  following  the  Classificatiox  in 
THE  Table  on  Page  742. 

Polluted  Ponds* 

[Parts  per  100,000.] 


LOCATION. 

, 

AMMOMA.            :     ^•"^9°''*' 

c 

1    1 

CONDITION". 

1 

.0152 

.0157 
1.0235 
.0050 

ALBUMINOID. 

1 

1 

s 

^ 

A 

Nitrates. 
Nitrites. 

o 

Deep,  and  hiach  color,  —  j 
much  trouble.               ) 

Deep,  and  low  color, —  ^ 
much  trouble.               ^ 

Wobum,  Horn  Pond.f 

Boston,  Jamaica  Pond, 
Boston,  Mystic  Lake,t 
Natlck,  Dug  Pond,     . 

Average  of  four, 

0.34 

0.03 
0.23 
0.15 

0.19 

.0389 

.0398 
.0264 
.0218 

.0058 

.0299 
.0052 
.0039 

.0452 

.0160 
.0496 
.0238 

.0336 

I 
.0015 

.0004 
.0015 
.0004 

.0009 

1 

.1257 

.1072 
.1161 

.o«;>8 

.1037 

2.61 

0.33 
1.56 
0.44 

.0148 

.0317 

.0112 

1.23 

Deep,  and  low  color,  — J 
little  trouble.                1 

Boston.  Lake  Cochltuate, 
Cambridge,  Fresh  Pond,    . 
Haverhill,  Lake  Saltonstall, 
Marlboro',  Lake  Williams, 

Average,  .... 

Average   of   8   polluted 
ponds,  .... 

0.25 
O.ll 
0.05 
0.06 

0.12 
0.16 

.0020 
.U134 
.0015 
.0006 

.0045 
.0097 

.0207 
.0196 
.0145 
.0196 

.0038 
.0035 

.0048 

.0148 
.0281 
.0050 
.0053 

.0003 
.0007 
.0003 
.0001 

.0529 
.0735 
.0904 
».0400 

.0492 
.07M 

.30 
.M 
.SO 
.26 

.0186 

.0039 

.0133 

.0004 
.0007 

.4S 

.0252 

.0081 

.0235 

.» 

*  The  word  polluted  as  used  here  has  thf  definition  given  on  page  741 . 

t  A  large  part  of  the  excess  of  chlorine  is  due  to  the  drainage  from  tauneries. 


Unpolluted  Ponds. 


Shallow,  and  low  color,  J 
—  much  trouble.           | 

Maiden,  Spot  Pond,    . 
Nuutucket,     Wannacomet 

Pond 

Spencer,  Shaw  Pond, 

Average,  .... 

0.24 

0.07' 
0.03 

.0007 

.0002 
.0007 

.0216 '.0029 

.0163      - 
.0136       -     1 

.0044 

.0034 
.0059 

.0001 
.0002 

.0419 

.0807 
.0289 

.0338 
.0317 

.00 

.00 

.01 

o.n, 

.0005 

.0172 

.0029 

~       1 

.0046 

.0001 

1 

.02 

Shallow,  and  low  color,  ( 
—  little  trouble.             } 

HaverhlU,  Lake  Pentucket, 

0.02 

i 

.0007 

.0164 

- 

.0040 

- 

.09 

Shallow,  and  high  color,  ( 
—  no  trouble.                 i 

Randolph,  Great  Pond,      . 

0.76 

.0008 

.0253 

.0026 

.0043 

.0001 

.0479      .10 

t 
Deep,  and  low  color,— 1    Holyoke,      Ashley       and 
much  trouble.               |       Wright  ponds, 

1 
0.06 

.0028 

.0184 

.J 

1 

.0043 

.0001 

1 

.0985      .01 
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Analyses  op  Ponds  and  Reservoirs,  following  the  Classification 
THE  Table  on  Page  7i2^  Continued, 
Unpolluted  Ponds — Concluded. 

[ParU  per  100,000.] 


IN 


LOCATION. 

i 

& 

Ammonia. 

NITROOKX 
AS 

g 

CONDmON. 

^ 

ALBUMINOID. 

^ 

1 

1 

A, 

0 

Deep,  and  high  color,—  i    Danvera,  MIddleton  Pond,  1 0.62 
little  trouble.                 }    Westboro*,  Chauocy  Pond,  |  0.56 

.0008 
.0005 

.0006 

.0207 
.0320 

.0085 
.0103 

.0049 
.0025 

.0037 

.0001 
.0001 

.0413 
.0600 

.0606 

.01 
.10 

i     Average 'o.59 

.0263 

.0009 

.0001 

.06 

Deep,  and  low  color,— J 
little  trouble.                i 

Concord,  Sandy  Pond, 
HIngham,  Accord  Pond,    . 
Plymouth,  Great  and  Little 

South  ponds,    . 
Wakefield,  CryBtal  Lake, 

Average, .... 

0.03 
0.23 

0.00 
0.14 

0.10 

.0001 
.0003 

.0003 
.0008 

.0004 

.0129 
.0144 

.0130 
.0165 

.0017 
.0017 

.0041 
.0043 

.0013 
.0079 

.0001 
.0001 

.0000 
.0001 

.0256 
.0292 

.0230 
.0365 

.00 
.06 

.00 
.U 

.0142 '  .0017 

1 

.0044!  0001 

.0286     .06 

I>eep,  and  high  color.  -  J  '  ^^^^^}^^*    AssawompBett 
no  trouble.                    J    Weymouth/ Great    Pond! 

0.38 
0.91 

.0003 
.0010 

.0200 
.0224 

- 

.0023 
.0037 

- 

.0371 
.0415 

.00 
.07 

Average,  .... 

O.W 

.0006 

.0216 

- 

.0030 

.0063 
.00&5 
.0050 
.0030 
.0045 
.0056 

.0038 
.0064 

.0035 

.0061 
.0000 
.0013 
.0029 
.0047 

.0060 

.0043 

- 

.0393 

.03 

I>eep,  and  low  color,  — 
no  trouble. 

Abington,  BlsSandy  Pond, 
Fall  River,  Wutuppa  Lake, 
Gardner.  Crystal  Lake,      . 
Haverhill,  Crystal  Lake,    . 
Haverhill,  Keuoza  Lake,    . 
Hudson,  Gates  Pond, 
Lake  Village,  Lake  Win- 
!     nipiseogee, 
Montague,  Lake  Pleasant,  . 
New  Bedford,  Little  Quit- 

tacas  Pond, 
Norwood,    Buckmaster 

Pond 

Peabody,  Spring  Pond, 
Peabody,  Brown's  Pondi  . 
Plymouth,  Lout  Pond, 
Salem,  Wenham  Lake, 
S  her  born,  Waushakum 

Pond 

Webster,  Lake  Chaubuna- 

gungamaug,      . 

Average,  .... 

Averasre  of  30  unpolluted 
ponds,  .... 

0.15 
0.19| 
0.021 
0.13, 
0.021 
O.Oo 

0.01 1 
0.01  i 

0.19 

0.13! 
0.00  1 
0.17 
0.27  1 
0.05 

0.23 

0.06 

.0008 
.0005 
.0013 
.0009 
.0006 
.0014 

.0002 
.0021 

.0003 

.0055 
.0001 
.0001 
.0002 
.0018 

.0009 

.0002 

.0160 
.0162 
.0111 
.0166 
.0142 
.0156 

.0092 
.0081 

.0160 

.0220 
.0111 
.0169 
.0156 
.0143 

.0195 

.0129 

.0020 

.00*14 
.0029 

.0014 
.0013 

.0026 

.0028 

.0001 
.0001 
.0001 

.0001 
.0001 

.0000 
.0000 

.0000 

.0002 

.0001 
.0001 
.0000 

.0335 
.0335 
.0245 
.0310 
.0291 
.0337 

.0198 
.0220 

.0302 

.0482 
.0184 
.0293 
.0288 
.0311 

.0390 

.0258 

.05 
.02 
.11 
.00 
.04 
.M 

.02 
.02 

.02 

.04 
.00 
.00 
.00 
.09 

.06 

.01 

0.10 
0.19 

.001  ij. 0147 

.0021 

.0043 

.0001 
.0001 

.0299    .03 

.0009 

.0167 

.0080 

.0042 

.0331 

.04 

Polluted  Reservoirs. 


Shallow,  and  high  color,  j 
—  much  trouble.  j 

Deep,  and  hleh  color,  —  < 
little  trouble.  i 


Arlington,  Storage  Reser- 
voir, 

Boston,  Reservoir  3,* 

Average   of    2   polluted 
reservoirs,    . 


0.73 

.0024 

.0475 

.0165 ' 

.0246 

.0002    .1118 

0.87 

.0049 

.0285 

.0044 

.0218 

.0003    .0750 

0.80 

.0036 

.0380 

.0104 

.0232 

.0002  11.0934 

.36 
.19 

.27 


*  Has  not  given  trouble  daring  the  time  covered  by  these  ezaminatioDB. 
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Analyses  op  Ponds  and  Resehyoirs,  following  the  Classification  in 
THE  Table  on  Page  742  —  Continued. 

Unpolluted  Reservoirs, 

[Parts  per  100,000,] 


LOCATION. 

^ 

Akxoxix. 

NiTKOGBH 
AS 

1     ^ 

i 
1 

CONDITION. 

1 

ALBUXIXOID. 

i 
1 

K 

i 

1 

i! 

o 

1 

& 

r 

Bhallow,  and  high  color, , 
—  mach  trouble. 

lAthol,   Phllllpston   Reser- 
voir  

Brockton,  Balisbury  Brook 
Ileaervoir, 

Easthampton,  Willieton 
Pond 

H Ingham,  Fulling  Mill 
Pond,        .... 

Leominster,  Haynes  Reser- 
voir,   

New    Bedford,    Acushnet 
Reservoir,* 

NorthboroQgh,     Storage 
Reservoir, 

Wayland,   Storage   Reser- 
voir 

Westborongh,      Sandra 
Pond.t      .... 

West  Bpringfleld,  Storage 
Reservoir, 

Average,  .... 

0.03  1 
0.75 
0.27 
0.86 
0.39 
1.30 
0.85 
0.83 
0.45 
0.31 

.0020 
.0028 
.0021 
.0028 
.0023 
.0015 
.0018 
.0020 
.0026 
.0000 

.0221 
.0411 
.0170 
.0282 
.0409 
.0248 
.0230 
.0298 
.0244 
.0133 

.0163 
.0034' 
.0131 
.01331 
.0018 

.0040 

.0107 
.0058 
.0140 
.0068 
.0067 
.0150 
.0061 
.0108 
.0079 
.0067 
.0091 

.0000 
.0001 
.0003 
.0002 
.0001 
.0001 
.0001 
.0001 
.0001 
.0001 
.0001 

.0488 
'.0827 
1.0454 
.0612 
.0816 
.0579 
.0472 
.0633 

I.02S4 
1.0567 

.OS 
.01 
.13 
.10 

.00 
M 

.04 
.08 

0.65 

.0020 

.0265 

.0086 1 

.04 

Shallow,  and  low  color,  ) 
—  much  trouble.           ( 

Chicopee,   Dingle  Brook  \ 
iteservoir,                        \ 

0.20 

.0010 

.0135 

.^ 

.0138  .0002 

'.0303 

1 

.06 

Bhallow,  and  low  color, 
—  no  trouble. 

Leominster,  Morse  Reser- 
voir 

Southbridge,     Storage 
Reservoir, 

Average,  .... 

0.24 
0.25 
0.24 

.0006 
.0014 

.0098 
.0181 

.0045 

.0032 
.0045 
^0W8 

.0000 
.0001 
.0000 

.0190 
.0374 

.00 

.0010 

.0187 

.0045 

.0282  .00 

Deep,  and  high  color,  ~  J 
much  trouble.               { 

Lynn,  Birch  Pond,     . 

0.36 

.0019 

.0272 

.0072 

.0065 

.0001 

.0580 

.00 

Deep,  and  low  color,— 
much  trouble. 

Fltchburg,  Overlook  Reser. 
voir, 

Springfield,  Ludlow  Reser- 
voir, .       .               .       . 

Winchester,  Storage  Reser- 
voir,   

Average 

10.10 
0.15 
0.14 
0.13 

.0012 
.0019 
.0033 
.0021 

.0151 
.0381 
.0241 

.OOM 
.0154 
.0058 

.0041 
.0039 
.0104 

.0001 
.0002 
.0003 

.0315 
.0748 
.0655 

'.0639 

1 

1 

1.0498 
1.0481 

.08 
.01 
.13 

.0258 

.0082 

.0061 !. 0002 

1 

.06 

Deep,  and  high  color,  —  j 
little  trouble.                j 

Gloucester,  Dyke's  Brook 

Reservoir, 
Lynn,  Breed's  Pond,  . 

Average 

0.62 
0.48 

0.50 

.0000 
.0018 

.0043 

.0220    .0037 
.0214    .0049 

.0044 
.0042 

.0002 
.0001 

.0001 

.00 

.0221 1.0043 

.0043 

.00 

*  Has  not  given  any  trouble  during  the  time  covered  by  these  examinations. 
t  Upper  Pond,  from  which  no  water  Is  now  taken  directly. 
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Analyses  of  Tonds  and  Reservoirs,  following  the  Classification  in 
THE  Table  on  Page  742 — Concluded, 

Unpolluted  Reservoirs — Concluded. 

[Part*  per  100,000.] 


LOCATION. 

^ 

1            AHMOHIA. 

.    NiTROOBM 
AS 

1 

1 

CONDITION. 

1 

1 

ALBUMINOID. 

1 

g 

% 

-• 

A 

r'GrTODfleld,   Glen    Brook 
Deep,  and  low  color,— !  1     Reser^'olr,* 
Utile  trouble.                ]  |  Worcester,  Leicester  Res- 
\      ervolr,t     .... 

0.03 
0.25 
0.14 

.0010 
.0040 
.0025 

.0046 
.0162 

.0021 

.0090 
.0062 
.0076 

.0001 
.0001 
.0001 

.0176 
.0372 
.0273 

.08 
.01 

Average 

.0104 

.0021 

.02 

Deep,  and  high  color,  — 
DO  trouble. 

1 

Boston,  Reservoir  4,  . 

Ronton,  Reservoir  2,  . 

Cambridge,   Btony   Brook 
Reservoir,                        .• 

Westfleld,  Storage  Reser- 
voir,   

Average 

0.73 
1.01 

0.73 

0.54 

0.75 

.0006 
.0008 

.0033 

.0008 

.0012 

.0260 
.0206 

.0286 

.0147 

.0042 
.0053 

.0048 

.0056 
.008<) 

.0151 

.0044 

.0001 
.0002 

.0002 

.0001 

.0001 

.0509 
.0608 

.0672 

.0200 

.0520 

.08 
.10 

.00 

.00 

.0247 

.0048 

.0085 

.06 

Deep,  and  low  color,— J 
DO  trouble.                    \ 

Worcester,  Holden  Reser-  { 
voir,                                i 

Average  of  20  unpolluted 
reservoirs,     . 

0.19 
0.48 

.0009 

.0020 

1 

.0155 

.0042 

.0038 '.0001 

.0319 
.0488 

- 

.0227 

.0065 

.0077  .0001 

.08 

*  The  trouble  in  this  reservoir  has  been  attributed  to  mud  and  leaves  washed  in  by  the  mountain 
stream  which  feeds  it. 

t  Has  not  ^ven  trouble  during  the  time  covered  by  these  examinations. 

In  making  comparisons  between  the  diflferent  waters  given  in  this 
table,  it  should  be  borne  in  mind  that  the  amount  of  pollution  is 
best  indicated  by  the  excess  of  chlorine. 

A  comparison  of  the  analyses  of  the  first  four  polluted  ponds 
which  give  much  trouble  with  the  next  four  which  give  little,  shows 
that  the  quantity  of  each  of  the  constituents  in  the  former  is  in 
every  case  larger  than  in  the  latter.  As  this  is  mainly  the  effect  of 
pollution,  it  emphasizes  the  conclusion  before  reached,  that  pollution 
is  one  of  the  prominent  factors  in  producing  bad  tastes  and  odors. 

It  will  also  be  seen  upon  examination  that  the  suspended  albuminoid 
ammonia,  which  represents  approximately  the  quantity  of  algse  and 
other  organisms  in  the  water,  is  most  frequently  found  in  waters 
which  are  subject  to  bad  tastes  and  odors.  This  is  shown  in  a 
general  way  by  the  following  condensed  table  :  — 
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Foliated  poods,    . 
Polluted  reeervoirs,    . 
Uopclluted  pondfl, 
UnpoUnted  reAervolm, 


Suspended  Albcxixoid  Ammokia. 


Much 
Trouble. 


LittlR 

Trouble. 


Trouble. 


.0112 
.0165 
.0086 
.0081 


.0039 
.0044 


.0086 


.0021 
.0046 


Having  shown  the  conditions  under  which  bad  tastes  and  odors 
are  most  prevalent,  it  may  be  asked  why  this  is  so.  The  answer 
to  this  question  must  necessarily  be  a  complicated  one,  and  must, 
with  our  present  knowledge,  involve  much  uncertainty ;  but  the 
indications  point  to  the  supply  of  nitrogenous  food  for  animal  and 
vegetable  organisms  as  being  one  of  the  most  important  factors. 

The  principal  sources  from  which  the  nitrogenous  compounds  in 
water  are  obtained  are  the  rainfall,  swamps  and  other  deposits  of 
decaying  vegetable  matter,  manured  fields,  and  domestic  and  manu- 
facturing sewage.  The  nitrogen  derived  from  the  rainfall  is  insuf- 
ficient in  quantity  to  support  any  very  large  growth  of  organisms. 
It  is,  therefore,  mainly  from  other  sources  that  the  nitrogen  must 
come  to  produce  the  abnormal  growths  which  cause  serious  trouble. 
In  the  case  of  polluted  ponds  the  supply  comes  mainly  from  sewage, 
and  from  animal  manures  which  are  produced  or  used  in  populous 
districts.  It  may  be  well  to  state  here,  even  at  the  risk  of  repetition, 
that,  even  if  sewage  is  turned  into  a  cesspool  and  filters  a  very  long 
distance  before  reaching  a  pond,  and  in  its  passage  through  the 
ground  has  all  of  the  organic  matter  in  it  destroyed,  it  will  still  con- 
tain in  an  inorganic  form  a  large  part  of  the  nitrogen,  and  may  have 
nearly  the  same  effect  in  promoting  growths  of  organisms  in  a  pond 
as  if  the  sewage  was  turned  into  it  directly.  The  source  from  which 
uncleaned  reservoirs  may  obtain  a  large  part  of  their  nitrogen  is  the 
vegetable  matter  at  the  bottom.  A  <2:ood  instance  of  this  is  fur- 
nished  at  the  Ludlow  Reservoir,  Springfield.  The  amount  of 
nitrogen  in  the  reservoir  water  in  summer,  when  the  growth  of  alg« 
is  at  its  height,  is  three  times  as  great  as  in  the  winter ;  and,  since 
the  amount  contained  in  the  water  entering  the  reservoir  through  its 
feeders  is  not  large,  the  only  source  from  which  it  seems  possible 
to  obtain  this  additional  nitrogen  is  the  reservoir  bottom.     With 
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regard  to  the  depth  and  size,  and  absence  of  very  shallow  flowage^ 
this  reservoir  ranks  high  among  those  in  the  State. 

As  a  further  indication  that  depth  is  less  important  than  the  food 
supply,  the  case  of  Filling's  Pond  in  Lynnfield  may  be  cited.  Thia 
is  a  very  old  storage  resei'voir,  made  for  mill  purposes  by  flowing  a 
large  level  meadow  to  a  depth  of  four  feet.  The  average  depth  of 
the  pond,  including  the  shallow  poi*tions  near  the  edges,  is  about 
three  feet.  At  the  time  of  the  examination  it  was  kept  constantly 
full.  The  area  of  the  pond  is  in  the  neighborhood  of  eighty-five 
acres.  Examinations  made  during  the  summer  of  1889  showed  that, 
notwithstanding  the  small  depth  and  the  consequent  high  temper- 
ature of  the  water  which  at  times  reached  eighty  degrees,  Fahren- 
heit, the  water,  did  not  contain  any  abnormal  growth  of  organisms, 
orbecome  offensive.  This  comparatively  favorable  result  appears  to 
be  due  to  the  fact  that  the  reservoir  is  so  old  that  the  available  food 
has  been  removed  from  the  mud  at  the  bottom. 

To  avoid  giving  the  impression  that  bad  tastes  and  odors  are 
caused  only  by  an  abundance  of  nitrogenous  organisms,  it  is  well 
to  cite  the  case  of  Naukeag  Pond  in  Ashburnham,  which  had  a  very 
disagreeable  odor  when  it  was  examined  in  the  spring  of  1888  and 
again  in  1889.  This  pond  is  deep  and  unpolluted,  and  did  not 
contain  an  unusual  amount  either  of  organisms  or  of  nitrogen. 
Cases  of  this  kind  are,  however,  exceptions  to  the  general  rule. 

The  most  important  conclusions  to  be  reached  from  this  study  of 
bad  tastes  and  odors  are,  that  from  this  stand-point  a  water  supply 
should  not  be  chosen  which  receives  much  sewage,  either  directly 
or  after  purification ;  and  that,  if  water  is  to  be  stored  in  a  new 
artificial  storage  reservoir,  it  should  have  the  vegetable  matter 
removed  from  its  bottom  and  sides. 


SPECIAL  INVESTIGATIOX  OF  DEEP  PONDS. 

The  effect  of  the  storage  of  water  in  shallow  ponds  and  reser- 
voirs in  producing  bad  tastes  and  odors  has  already  been  discussed. 
This  section  will  be  confined  to  a  consideration  of  the  character  of 
water  in  deep  ponds  at  different  depths,  and  the  changes  which 
occur  at  different  seasons  of  the  year,  owing  to  the  circulation 
or  stagnation  of  the  water,  caused  mainly  by  the  difference  in 
temperature   of  the   various   layers.     As   already   stated,   investi- 
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gations  of  this  subject  have  been  made,  chiefly  at  Jamaica  Pond, 
other  ponds  being  examined  only  to  a  limited  extent  for  purposes 
of  comparison.  Upon  pp.  665  and  666  of  this  volume  will  be 
found  a  plan  of  this  pond,  and  a  diagram  showing  the  tempera- 
tures at  different  depths  ;  also,  in  connection  with  these,  a  discussion 
of  the  vertical  currents  caused  by  changes  of  temperature.  The 
main  facts  established  are  that  vertical  circulation  takes  place  until 
about  the  first  of  April,  after  which  the  surface  water  becomes 
warmed,  and  consequently  does  not  mingle  with  that  at  the  bottom 
until  some  time  in  November,  when  the  surface  water  again  becomes 
cold  enough  to  sink.  During  the  seven  months  from  April  to 
November  the  bottom  water  is  stagnant  and  does  not  come  into  con- 
tact with  the  air ;  and,  if  it  contains  much  matter  capable  of  under- 
going decomposition,  the  dissolved  oxygen  is  soon  used  up,  and  the 
water  becomes  very  foul. 

Jamaica  Pond  was  chosen  for  special  investigation  because  it  con- 
tained, two  months  before,  an  enormous  growth  of  Oscillariay  and  it 
was  thought  that  it  would  consequently  contain  much  decomposing 
matter  at  the  bottom,  and  therefore  present  extreme  conditions. 

Samples  of  water  for  chemical  and  microscopical  examinations 
were  collected  from  the  pond  at  six  depths ;  namely,  at  the  surface, 
and  ten,  twenty,  thirty,  forty,  and  fifty  feet  below,  the  deepest 
sample  being  taken  near  the  bottom  of  the  pond.  In  some  in- 
stances, when  the  surface  of  the  pond  was  below  high- water  mark, 
it  has  been  impracticable  to  get  a  sample  quite  as  deep  as  fifty  feet ; 
but,  for  convenience,  the  sample  taken  as  near  this  depth  as  practi- 
cable has  always  been  designated  as  the  fifty-foot  sample.  The 
samples  were  taken  frequently,  and  the  analyses  if  printed  in  fiill 
would  occupy  much  space.  They  are,  therefore,  presented  in  a 
somewhat  condensed  form  in  two  tables.  The  first,  given  on  the 
next  two  pages,  contains  five  complete  series  of  analyses,  represent- 
ing typical  conditions  at  diflferent  seasons  of  the  year.  The  other, 
given  on  pp.  756-759,  contains  all  of  the  determinations  of  the 
nitrogen  in  its  different  forms,  together  with  an  average  which  is 
intended  to  be  representative  of  the  whol^  mass  of  water  contained 
in  the  pond ;  that  is,  not  a  direct  average  of  the  figures  obtained 
by  analyzing  the  water  at  the  different  depths,  but  one  in  which  the 
analyses  at  each  depth  are  given  weight  in  proportion  to  the  amount 
of  water  which  they  represent.  In  addition  to  these,  the  last  three 
columns  show  respectively  the  organic  nitrogen,  as  deduced  from  the 
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albuminoid  ammonia  by  methods  already  indicated  in  the  report  of 
the  chemist  (pp.  545  and  549)  ;  the  inorganic  nitrogen,  including 
under  this  head  the  nitrogen  in  the  free  ammonia  and  in  the  nitrates 
and  nitrites ;  and  the  total  nitrogen,  which  is  the  sum  of  the  organic 
and  inorganic. 


Table  of  Analyses  op  Jamaica  Pond  Water,  showing  TrpiCAL 
Conditions  at  Different  Seasons  of  the  Year. 

Samples  coUeded  April  4^  1890,  when  circulation,  which  had  been  more  or  less 
active  for  Jive  months,  was  about  to  cease, 

[Parts  per  100,000.] 


i  1            Appbarakcb. 

Odor. 

Ammokia. 

NiTBOGBM 
AS 

. 

si 

r 

Il 

1 

1 

1 

^ 

i 

1 

ALBUHIKOID. 

1 

^ 

1 

^ 

|l 

» 

5845 

0 

48.2 

Distinct. 

Considera- 
ble, white. 

0.00 

Dlstlnctiy 
vegetable. 

Dlstlnctlv 
vegetable. 

.0006 

.0200 

.0176 

.0350 

.0010 

.1058 

6846 

10 

40.0 

DlflUnct. 

Consldera- 
ble,  white. 

0.00 

Dlsll«clly 
vegetable. 

Distinctly 
vegetable. 

.0004 

.0178 

.0192 

.0420 

.0012 

.1146 

5847 

20 

40.9 

Distinct. 

Considera- 
ble, white. 

0.00 

DlsUnctly 
vegetable. 

Decidedly 
vegetable. 

.0010 

.0204 

.0142 

.0400 

.0010 

.1048 

6848 

30 

40.8 

Distinct. 

Considera- 
ble, white. 

0.00 

DistlncUy 
vegetable. 

Distinctly 
vegetable. 

.0012 

.0200 

.0164 

.0520 

.0010 

.1208 

6848 

40 

40.8 

Distinct. 

Considera- 
ble, white. 

0.00 

Faintly 
vegetable. 

Distinctly 
vegetable. 

.0014 

.0188 

.0156 

.0640 

.0010 

.1193 

5850 

50 

40.8 

Distinct. 

Considera. 
ble.  white. 

0.00 

Faintly 
vegetable. 

Distinctly 
vegetable. 

.0008 

.0180 

.0160 

.0480  .0012 

.1128 

Samples  collected  April  29, 1890,  after  circulation  had  ceased,  and  free  ammonia 
had  begun  to  accumulate  at  the  bottom. 


5917 

0 

52.9 

Slight. 

1 
Considera- 
ble, green. 

6018 

10 

52.9 

Slight. 

Considera- 
ble, green. 

6919 

20 

48.9 

Slight. 

Considera- 
ble,  green. 

6920 

30 

45.3 

Slight. 

Slight. 

6921 

40 

44.6 

Very 
slight. 

Considera- 
ble, white. 

5022 

60 

43.9 

Distinot. 

Heavy, 
flocculent. 

Distinctly 
vegetable. 

Distinctly 

vegetable. 

Very  faint 


Very  faint 
or  none. 

Faintly 
disagree- 
able. 

Faintly 
disagree- 
able. 


Faintly 
vegetable. 

Faintly 
vegetable. 

Distinctly 
vegetable. 

Faintly 
vegetable. 

Faintly 
vegetable. 


V»y  faintly 
disagree- 
able. 


.0000    .0172 
.0000 '  .0164 


,0016 
,0060 
.0128 

.0800 


.0166 
.0162 
.0160 

.0190 


.0140 
.OlOS 
.0004 
.0138 

.0168 


.0600 
.0480 
.0550 
.0430 
.0620 

.0280 


! 
0010.106^ 

0009  .1047 


.0009 
.0009 


.0015 


.1188 
.0049 


0012.1286 


.1618 
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Table  of  Analyses  of  Jamaica  Pond  Water,  etc. — Concluded. 

Samples  collected  Aug.  14,  1890,  during  the  period  of  stagncUion,  when  much 
Jree  ammonia  had  accumulated  at  the  bottom, 

[Parts  per  100,000.] 


iJ 

'A 

II 

APPBARAirCR. 

Odor. 

1 

AXXOXIA. 

NlTBOOKN 

AS 

!  , 

6 

! 

1 

, 

o 

, 

A.LBUXrNOID. 

1 

1 

.1 

4 

Itrltci. 
oUlNi 

'A 

Q 

E- 

H 

o 

U 

S 

h. 

qqO. 

Sr, 

ie,    1    H 

6401 

0 

73.9 ;  Dlatincl, 

Slight. 

0.00 

Faintly 

Pungent. 

.0000    .0220 

.0142 

.0030 

.0000.0685 

white. 

vegetable. 

1 

6402 

10 

73.9 

Distinct. 

Slight. 

0.00 

Very  faint 

Pungent. 

.0002 '.0240 

.0164 

.0050 

.0000  .0786 

white. 

or  none. 

• 

6403 

20 

55.0 

Slight. 

Slight, 

0.00 

Distinctly 

Vy  faintly 

.0030 

.0176 

.0170 

.0400  .0002 

.1108 

green. 

vegetable.  1  vegetable.  | 

1 

6404 

30 

46.6 

Slight. 

Slight, 

0.00 

Faintly 

None. 

.0328 

.0164 

.0062 

'.0300  .0044 

.1010 

green. 

vegetable. 

6405 

40 

44.4 

Distinct. 

Slight. 

0.00 

Disagree, 
able. 
Offensive. 

Disagree- 
able. 
Disagree- 

.1680 

.0230 

.0080 

j.ooao 

.0001 

.200S 

6406 

50 

44.2 

Slight,  ' 

Slight. 

0.00 

.4720 

.0350 

.0110 

1.0150 

.0000 

.4839 

milky. 

able. 

1 

Samples  collected  Nov.  13, 188 9,  when  the  cooli7vg  ofUie  water  had  caused  vertical 
circulation  to  a  depth  of  thirty  feet,  thereby  increasing  the  free  ammonia  in  Vic 
upper  layers,  and  making  the  water  of  uniform  quality  to  this  depth. 


§338 

0 

48.6 

Slight. 

Very 

0.03 

Very  faint  1  Faintly       ' 

.0206 

.0162 '  .0048 

1 
.0120;. 0003  .0659 

slight. 

or  none. 

vegetable. , 

1 

6339 

10 

48.2 

Slight. 

Slight. 

0.10 

V'y  faintly 
vegetable. 

Faintly       , 
vegetable. 

.0208 

.0164 

.0060 

.0100 

.0002. 06&S 

6840 

20 

47.8 

Blight. 

Very 

0.03 

Faintly      ■  Very  faint  1 

.0194 

.0164 '  .0072 

.0090 

.0002 

-0671 

slight. 

disagree- 
able: 

or  none.  | 

1 

5341 

30 

47.6 

Very 

Slight. 

0.05 

Distinctly 

Very  faint 

.0200 

.0176    .0066 

.0110 

.0002 

.07a? 

slight. 

1 

disagree- 
able. 

or  none. 

6842 

40 

43.3 

Slight, 
milky. 

Sli't,  light 
brown. 

0.40 ; 

Offensive. 

Offensive. 

.3320 

.0330 

.0130 

.0050 

.0001 

.3595 

6343 

60 

42.8  Distinct, 

Bll't.  light 

0.50 

Offensive. 

Offensive. 

.4840 

.0410 

.0090 

.0090 

.0000 

.493:« 

1    milky. 

brown. 

1 

Samples  colleclkd  Nov.  27, 1839,  after  vertical  circulation  had  been  established  to 
the  bottom,  and  the  water  was  consequently  of  uniform  quality  throughout  the 
pond. 


6384 

0 

44.8 

Very 

Slight. 

0.00 

Distinctly 

Distinctly  1 

.0640 

.0180 

.0066  ! .0120 

.0009.1069 

slight. 

disagree, 
able. 

disagree- , 

able.         1 

6385 

10 

44.8 

Very 

slight. 

Slight. 

0.00 

Distinctly 
disagree, 
able. 

DlHtinctly  , 
disagree- 
able. 

.0520 

.0202 

.0112 

.0120 

.0008  .1130 

1 

6386 

20 

44.8 

Very 

Consider- 

0.05 

Distinctly 

Distinctly 

.0672 

.0184 

.0072 

.0120 

.0007  .1182 

slight. 

able. 

disagree- 

disagree- 

1 

» 

able. 

able. 

1 

6387 

30 

44.8 

Slight. 

Blight. 

0.05 

Distinctly 
disagree- 
able 

Distinctly 
disagree- 
able. 

.0624 

.0184    .0056 

1 

.0180  .0007. iia> 

5388 

40 

44.8 

Slight. 

Consider- 
able. 

0.00 

Faintly 
disagree- 
able. 

DUtinctly 
disagree- 
able. 

.0704 

.0184 

.00421 

.0150  .0008.1128 

i      1 

5889 

50 

44.8 

Slight. 

Slight. 

0.00 

Faintly 
disagree- 

Distinctly 
dls.igree- 

.on2 

.0174 

.0062 

.0150  .0009.1160 

able. 

able. 

■ 
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The  prominent  changes  in  the  character  of  the  water,  as  indicated 
by  the  foregoing  table,  will  be  first  referred  to.  The  observations  of 
April  4,  1890,  were  made  after  a  mild  winter,  during  which  the 
pond  had  been  covered  with  ice  but  little  of  the  time,  and  circula- 
tion of  the  water  to  the  bottom  was  probably  produced  frequently  by 
the  wind.  A  few  days  before  these  observations  were  made,  active 
circulation  was  known  to  have  been  caused  by  changes  of  tempera- 
ture, because  the  surface  water  was  then  being  warmed  to  the  tem- 
perature of  maximum  density.  As  a  result  of  this  circulation,  the 
water  was  uniform  in  quality  from  the  bottom  to  the  surface,  and  the 
products  of  decay,  which  existed  in  the  water  in  large  quantities 
the  previous  autumn,  had  disappeared  by  oxidation  or  had  been 
absorbed  by  organisms  which  were  particularly  abundant  at  this 
time. 

Immediately  after  this  date  the  free  ammonia  began  to  accu- 
mulate in  the  bottom  layers,  and  or.  April  29,  1890,  the  date  of 
the  second  set  of  observations  given  in  the  table,  was  present  in 
considerable  quantity.  In  the  latter  part  of  the  summer  the  differ- 
ence between  the  surface  and  bottom  water  became  most  marked. 
The  water  at  the  surface,  containing  no  free  ammonia,  was  in  as 
good  condition  as  at  any  season  of  the  year,  while  that  at  the  bottom 
was  foul,  and  loaded  with  the  products  of  decay.  A  sample  from 
the  bottom  at  this  time,  when  first  collected  had  little  or  no  color, 
but  after  standing  became  a  deep,  yellow-brown.  The  odor  of  the 
bottom  water  at  this  season  of  the  year  was  generally  very  offensive, 
and  often  that  of  sulphuretted  hydrogen.  This  condition  of  the 
water  is  indicated  by  the  analyses  of  Aug.  14,  1890. 

Water  of  this  character  while  at  the  bottom  of  the  pond  cannot 
undergo  any  improvement,  on  account  of  the  absence  of  free 
oxygen,  and'  it  consequently  remains  in  a  foul  condition,  to  rise 
in  the  autumn  (when  circulation  is  established  between  the  surface 
and  the  bottom)  and  mingle  with  the  whole  mass  of  water,  affecting 
injuriously  that  nearer  the  surface.  The  effect  of  tl^e  circulation  will 
be  seen  by  reference  to  the  series  of  Nov.  27,  1889,  when  the  odor 
of  the  water  was  distinctly  disagreeable  at  all  depths,  and  the  free 
ammonia  at  the  surface  had  increased  from  practically  nothing  in 
the  summer  to  .0640  parts  per  100,000. 

From  the  foregoing  description  it  will  be  seen  that  there  are  two 
prominent  differences  between  the  storage  of  water  in  a  deep  pond 
like  the  one  here  described  and  a  shallower  one  in  ^hich  the  water 
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is  overturned  to  the  bottom  by  every  strong  wind.  In  the  deep 
pond  the  surface  and  bottom  layers  are  entirely  distinct  during  the 
summer,  and  practically  no  water  passes  from  one  to  the  other, 
though  there  may  be  a  passage  of  organisms  or  gases ;  as,  for  in- 
stance, when  dead  algse  or  animals  sink  from  the  surface  layers  to 
lower  ones  or  to  the  bottom,  or  when  gases  produced  by  decom- 
position at  the  bottom  rise  to  the  surface.  The  changes  consequent 
upon  the  growth  and  death  of  the  organisms  diminish  the  amount  of 
nitrogen  in  the  upper  layers  of  the  water  during  the  summer,  and 
thereby  improve  its  quality. 

In  a  shallow  pond,  on  the  contrary,  the  nitrogenous  products  result- 
ing from  the  decay  of  the  organisms  which  drop  to  the  bottom,  or 
of  any  organic  matter  in  the  material  of  which  the  bottom  is  com- 
posed, are  frequently  brought  to  the  surface,  where  they  may  pro- 
mote a  new  growth  of  organisms.  In  view  of  these  differences,  it 
may  be  questioned  whether  any  very  abundant  growth  of  organisms, 
such  as  occurs  in  the  Ludlow  Reservoir  at  Springfield,  is  likely  to 
take  place  during  the  summer  in  a  deep  pond.  In  the  autumn  the 
accumulated  products  in  the  bottom  of  a  deep  pond  are  mingled 
with  the  upper  layers,  from  which  water  is  usually  dr^wn  for  use  ; 
and  at  this  time  the  shallower  pond,  which,  by  reason  of  the  frequent 
circulation  of  its  waters,  is  of  uniform  quality  at  all  depths,  may  have 
an  advantage  over  the  deep  one. 

General  experience  seems  to  indicate  that  depth  is  on  the  whole 
an  advantage ;  but,  in  view  of  the  above  facts,  it  maj''  be  questioned 
whether,  under  some  circumstances,  it  is  not  a  disadvantage  to  have 
a  depth  in  excess  of  that  to  which  the  water  will  circulate  at  all 
seasons  of  the  year. 

In  addition  to  the  more  practical  results  of  this  investigation, 
which  have  already  been  fully  stated,  the  changes  in  the  amount  of 
nitrogen  in  the  pond,  and  the  form  and  place  in  which  it  appears  at 
different  seasons  of  the  year,  are  of  interest.  These  features  are 
shown  in  the  table  on  pages  756-759  and  by  the  diagram  on 
page  760. 

It  may  be  said,  first,  that  the  total  nitrogen  in  the  whole  mass  of 
water  in  the  pond,  as  given  in  the  last  column  of  the  table  above 
mentioned,  does  not  vary  very  much  throughout  the  year,  and  this 
feature  is  no  less  marked  when  the  different  nitrogen  compounds  are 
undergoing  rapid  changes  than  at  other  times.  A  good  example  is 
furnished  by  the  following  compari>^)n  of  the  results  obtained  on 
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Nov.  27,  1889,  when  a  large  part  of  the  nitrogen  was  contajned  in 
the  free  ammonia,  and  on  March  26,  1890,  when  none  was  in  this 
form :  — 

[ParU  per  100,000.] 


Mar.  26, 1880. 


Nitrogen  aa  free  ammonia,  .... 
Nitrogen  as  dlasolTod  albuminoid  ammonia. 
Nitrogen  aa  sasponded  albuminoid  ammonia, 

Nitrogen  aa  nitrates, 

Nitrogen  as  nitrites,       .                       »      ,' 
Total 


It  has  sometimes  been  thought  that  the  disappearance  of  free 
ammonia  from  water,  under  conditions  like  these,  was  due  largely  to 
its  escaping  into  the  air  as  ammonia  gas ;  but  the  above  comparison 
indicates  that  nearly  all,  if  not  all,  reappears  in  other  forms. 

If,  instead  of  considering  the  nitrogen  in  the  whole  contents  of  the 
pond,  we  take  the  different  depths  separately,  the  quantities  found  in 
the  surface  and  bottom  layers  are  not  constant  throughout  the  year. 
In  April  and  November,  when  vertical  circulation  is  active,  the 
nitrogen,  as  well  as  all  other  constituents,  is  found  in  the  same 
quantity  at  all  depths  ;  but,  during  the  summer  stagnation,  the  appro- 
priation of  nitrogen  in  the  upper  layers  by  organisms  which  drop 
into  the  lower  layers  or  to  the  bottom  decreases  the  amount  of 
nitrogen  near  the  surface,  and  increases  it  near  the  bottom.  The 
amount  of  nitrogen  thus  transferred  is  well  indicated  by  a  single 
series  of  analyses,  made  Aug.  14,  1890,  as  follows :  — 

Total  Nitrogen  in 
Depth  in  feet.  parts  per  100,000. 

0, 0686 

10 0786 

20, 1108 

80, 1010 

40 2008 

50 4839   . 

Average  for  the  whole  pond 1069 

At  this  time  the  last  two  samples,  which  represent  12.5  per  cent, 
of  the  water  in  the  pond,  contained  26  per  cent,  of  the  whole 
amount  of  nitrogen.  This  accumulation  at  the  bottom  suggests  the 
possibility  of  improving  the  quality  of  a  body  of  water  by  drawing 
from  its  lower  layers  and  wasting,  during  August  and  September, 
the  water  which  contains  the  accumulated  nitrogen. 

Digitized  by  LjOOQIC 


756 


WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


Table  of  Analyses  of  Jamaica  Pond  water  at  six  depths. 

NoTB.  — The  averages  given  below  are  not  a  direct  mean  of  the  analyses  at  the  different  deptha,  but 
are  obtained  by  giving  eaeh  depth  weight  in  proportion  to  the  amount  of  water  represented. 

[Parte  per  100,000.] 


FOKB  AXMOMIA. 

DATE. 

0 

10 

SO 

SO 

40 

90 

Average. 

1        18S9, 
1  ,  July  25,  . 

.0000 

.0000 

.0000 

.0096 

.2040 

.3880 

.0294 

2  1  Aug.  22,  . 

1   .0006 

.0005 

.0160 

.0488 

.3100 

.4000 

.0633 

a  J  Oct.  28,   . 

J   .0068 

.0068 

.0064 

.0920 

.4200 

.5920 

.0773 

4  ;  Oct.  30,   .' 

.0088 

.0074 

.0094 

.0920 

.5600 

.7680 

.0963 

6 

Nov.  6, 

.0102 

.0114 

.0108 

.0128 

.2400 

.7280 

.0463 

6 

Nov.  13,  . 

1   .0206 

.0208 

.0194 

.0200 

.3320 

.4840 

.0606 

7 

Nov.  20,  . 

.0552 

.0568 

.0560 

.0760 

.2000 

.3720 

.0799 

8 

Nov.  27,  . 

.0640 

.0520 

.0672 

.0624 

.07U4 

.0712 

.0619 

9 

Dec.  4,   . 

.0560 

.0608 

.0624 

.0632 

.0624 

.0640 

.0610 

10 

Dec.  18.  . 

.0640 

.0600 

.0496 

.0504 

.0480 

.0488 

.0549 

11 

Dec.  26,  . 

.0448 

.0400 

.0440 

.0482 

.0432 

.0464 

.0428 

12 

1990. 

Jan.  1, 

.0384 

.0360 

.0416 

.0368 

.0376 

.0384 

.0380 

13 

Jan.  8,   . 

.0288 

.0296 

.0280 

.0280 

.0280 

.0388 

.0288 

14 

Jan.  16,   . 

.0240 

.0248 

.0272 

.0256 

.0248 

.0256 

.02M 

16 

Feb.  17,  . 

.0106 

0100 

.0100 

.0102 

.0106 

.0118 

.0109 

16 

March  18,  . 

.0012 

.0011 

.0010 

.0020 

.0015 

.0010 

.0013 

17 

March  26,  . 

.0000 

.0000 

.0000 

.0000 

.0002 

.0004 

.0000 

18 

April  4.  . 

.0006 

.0004 

.0010 

.0012 

.0014 

.0008 

.0009 

19 

April  10,  . 

.0024 

.0030 

.0028 

.0028 

.0030 

.0029 

20 

Apriin,  . 

.0044 

.0040 

.0044 

.0042 

.0036 

.0048 

.0042 

21 

April  29,  . 

.0000 

.0000 

.0016 

.0060 

.0128 

.0800 

.0088 

22 

May  8, 

.0000 

.0000 

.0062 

.0004 

.0224 

.0736 

.0060 

23 

May  16,   . 

1   .0060 

.0062 

.0066 

.0072 

.0184 

.1184 

.0089 

24 

May  22,   . 

.0000 

.0002 

.0014 

.0060 

.0240 

.1192 

.0054 

^ 

May  29,   . 

.0050 

.0046 

.0066 

.0016 

.0296 

.2200 

.0098 

26 

June  5, 

.0034 

.0034 

.0108 

.0044 

.0804 

.2040 

.0108 

27 

June  12,  . 

.0038 

.0046 

.0168 

.0134 

.0452 

.1800 

.0154 

28 

June  19,  . 

1   .0012 

.0006 

.0260 

.0168 

.0640 

.1720 

.0188 

29 

July  7,   . 

I   .0002 

.0006 

.0192 

.0288 

.0i)36 

.2280 

.0235 

ao 

July  18,  . 

.0004 

.0006 

.0206 

.0278 

.1600 

.4480 

.0338 

SI 

July  81,  .  . 

1   .0002 

.0000 

.0134 

.0350 

.1490 

.6870 

.0344 

32 

Aug.  14, '  . 

1   .0000 

.0002 

.0080 

.0328 

.1680 

.4720 

.0328 

38 

Aug.  28,  . 

1   .0026 

.0028 

.0114 

.0464 

.1800 

.4120 

.03S1 

84 

Sept.  11,  . 

<   .0010 

.0010 

.0050 

.0720 

.1800 

.4440 

.0414 

85 

Bept.22,  . 

.0016 

.0022 

.0138 

.0642 

.2360 

.5320 

.0498 

36 

Oct.  1,   . 

.0042 

.0042 

.0076 

.0680 

.6000 

.0165 

37 

Oct.  9. 

.0052 

.0058 

.0076 

.0760 

.248i 

.4200 

.05S3 

38 

Oct.  16,   . 

.0034 

.0038 

.0026 

.0936 

.3520 

.4520 

.065? 

30 

Oct.  24,   . 

.0162 

.0148 

.0160 

.0480 

.3600 

.4800     .0664 

40 

Oct.  30,   . 

.0304 

.0296 

.0304 

.0304 

.3040 

.6920 

.0875 

41 

Nov.  6,   . 

.0472 

.0464 

.0472 

.0456 

.0466 

.5600 

.0522 

42 

Nov.  18,  . 

.0502 

.0600 

.0600 

.0608 

.0600 

.1600 

.0811 

48 

Nov.  20,  . 

.0608 

.0608 

.0624 

.0624 

.0600 

.0640 

.0814 

44 

Dec.  2.   . 

.0600 

.0600 

.0624 

.0600 

.0000 

.0000 

.0008 
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Table  of  Analyses  of  Jamaica  Pond  water  at  six  depths^  Continued. 

Note.—  The  aTemges  gtven  below  are  not  a  direct  mean  of  the  analyees  at  the  different  depths,  but 
are  obtaloed  by  giving  each  depth  weight  In  proportion  to  the  amount  of  water  represented. 

[Parte  per  100,000.] 


Dissolved  Albcmisoid  Amuotsik. 

8D8PBXDED  AXBUMISroID  AMMONIA. 

O 

le 

M 

SO 

40 

90 

Aver^ 
ago. 

0 

lO 

SO 

SO 

40 

30 

Avcr- 

.0226 

.0187 

.0144 

.0142 

.0206 

.0228 

.0178 

.0080 

.0248 

.0433 

.0188 

.0529 

.0802 

.0287 

1 

.0902 

.0230 

.0218 

.0102 

.0257 

.0296 

.0213 

.0106 

.0195 

.0243 

.0248 

.0358 

.0344 

.0220 

2 

.0180 

.0164 

.0176 

.0200 

.0450 

.0198 

.0060 

.0082 

.0066 

.0130 

.0400 

.0410 

.0129 

3 

.0220 

.0204 

.0176 

.0260 

.0420 

.0510 

.0240 

.0060 

.0088 

.0040 

.0090 

.0240 

.0900 

.0091 

4 

.0184 

.0166 

.0170 

.0164 

.0210 

.0350 

.0177 

.0056 

.0064 

.0048 

.0060 

.0120 

.0140 

.0065 

6 

.0162 

.0164 

.0164 

.0176 

.0330 

.0410 

.0188 

.0048 

.0060 

.0072 

.0066 

.0130 

.0090 

.0070 

6 

.0288 

.0204 

.0194 

.0190 

.0900 

.0260 

.0205 

.0076 

.0100 

.0082 

.0060 

.0170 

.0180 

.0092 

7 

.0180 

.0202 

.0184 

.0184 

.0184 

.0174 

.0188 

.0066 

.0112 

.0072 

.0056 

.0043 

.0062 

.0076 

8 

.0186 

.0174 

.0192 

.0202 

.0902 

.0198 

.0188 

.0054 

.0064 

.0042 

.0048 

.0062 

.0060 

.0065 

9 

.0186 

.0106 

.0182 

.0192 

.0176 

.0174 

.0188 

.0096 

.0006 

.0070 

.0062 

.0002 

.0088 

.0082 

10 

.0214 

.0204 

.0202 

.0212 

.0180 

.0182 

.0204 

.0094 

.0114 

.0156 

.0086 

.0100 

.0088 

.0112 

11 

.0226 

.0260 

.0232 

.0218 

.0203 

.0188 

.0230 

.0158 

.0112 

.0094, 

.0082 

.0083 

.0084 

.0108 

13 

.0166 

.0144 

.0152 

.0166 

.0158 

.0150 

.0156 

.0158 

.0160 

.0124 

.0158 

.0124 

.0100 

.0146 

IS 

.0184 

.0186 

.0172 

.0170 

.0162 

.0174 

.0176 

.0008 

.0126 

.0180 

.0126 

.0130 

.0132 

.0123 

1* 

.0209 

.0158 

.0172 

.0170 

.0176 

.0166 

.0173 

.0190 

.0202 

.0116 

.0130 

.0122 

.0130 

.0167 

15 

.0194 

.0175 

.0156 

.0166 

.0179 

.0192 

.0173 

.0136 

.0144 

.0152 

.0144 

.0152 

.0160 

.0145 

1^ 

.0152 

.0156 

.0160 

.0184 

.0132 

.0136 

.0149 

.0284 

.0190 

.0146 

.0178 

.0202 

.0198 

.0186 

17 

.0200 

.0178 

.0304 

.0200 

.0188 

.0180 

.0194 

.0176 

.0192 

.0142 

.0164 

.0156 

.0160 

.0167 

18 

.0192 

.0174 

.0180 

.0208 

.0174 

.0182 

.0186 

.0143 

.0152 

.0140 

.0148 

.0150 

.0142 

,0147 

19 

.0178 

.0182 

.0172 

.0174 

.0164 

.0148 

.0175 

.0128 

.0128 

.0142 

.0188 

.0122 

.0170 

.0133 

20 

.0172 

.OlM 

.0166 

.0162 

.0160 

.0190 

.0165 

.0082 

.0140 

.0166 

.0094 

.0138 

.0168 

.0127 

21 

.0184 

.0188 

.0170 

.0172 

.0162 

.0174 

.0176 

.0078 

.0136 

.0090 

.0044 

.0056 

.0100 

.0088 

22 

.0158 

.0162 

.0170 

.0172 

.0174 

.0178 

.0167 

.0042 

.0040 

.0062 

.0070 

.0120 

.0248 

.0062 

23 

.0154 

.0160 

.0168 

.0172 

.0182 

.0196 

.0166 

.0006 

.0072 

.0194 

.0054 

.0034 

.0156 

.0098 

24 

.0178 

.0166 

.0160 

.0170 

.0174 

.0260 

.0160 

.0936 

.0088 

.0084 

.0142 

.0060 

.0250 

.0074 

25 

.0150 

.0154 

.0176 

.0178 

.0184 

.0380 

.0160 

.0062 

.0044 

.0060 

.0120 

.0092 

.0120 

.0092 

26 

.0172 

.0174 

.0184 

.0176 

.0102 

.0360 

.0177 

.0030 

.0048 

.0066 

.0078 

.0100 

.0060 

.0061 

2T 

.0184 

.0174 

.0162 

.0152 

.0180 

.0300 

.0171 

.0046 

.0030 

.0034 

.0064 

.0002 

.0130 

.0038 

28 

.0196 

.0214 

.0196 

.0178 

.0180 

.0230 

.0196 

.0084 

.0082 

.0108 

.0080 

.0096 

.0220 

.0091 

29 

.0194 

.0178 

.0172 

.0132 

.0190 

.0200 

.0172 

.0160 

.0140 

.0106 

.0104 

.0090 

.0260 

.0124 

80 

.0166 

.0206 

.0188 

.0160 

.0230 

.0310 

.0190 

.0238 

.0090 

.0096 

.0082 

.0120 

.0140 

.0119 

81 

.0220 

.0240 

.0176 

.0164 

.0230 

.0850 

.0207 

.0142 

.0164 

.0170 

.0062 

.0080 

.0110 

.0131 

83 

.0234 

.0216 

.0158 

.0140 

.0240 

.0270 

.0194 

.0074 

.0074 

.0082 

.0058 

.0050 

.0120 

.0070 

38 

.0192 

.0204 

.0180 

.0160 

.0270 

.0280 

.0194 

.0234 

.0218 

.0070 

.0040 

.0050 

.0140 

.0132 

34 

.0224 

.0238 

.0166 

.0154 

.0180 

.0210 

.0193 

.0176 

.0202 

.0060 

.0080 

.0130 

.0170 

.0133 

35 

.0230 

.0206 

.0236 

.0158 

.0310 

.0270 

.0220 

.0118 

.0124 

.0083 

.0086 

.0050 

.0090 

.0098 

86 

.0202 

.0190 

.0196 

.0174 

.0170 

.0310 

.0187 

.0104 

.0114 

.0082 

.0052 

.0140 

.0300 

.0100 

87 

.0194 

.0198 

.0196 

.0168 

.0160 

.0430 

.0189 

.0102 

.0110 

.0110 

.0038 

.0190 

.0250 

.0105 

88 

.0176 

.0186 

.0182 

.0236 

i0120 

.0100 

.0186 

.0114 

.0006 

.0088 

.0038 

.0130 

.0120 

.0090 

SO 

.0172 

.0170 

.0168 

.0154 

.0150 

.0190 

.0165 

.0108 

.0102 

.0108 

.0138 

.0050 

.0150 

.0106 

40 

.0210 

.0192 

.0196 

.0188 

.0182 

.0220 

.0194 

.0122 

.0118 

.0098 

.0108 

.0104 

.0100 

.0111 

41 

.0210 

.0190 

.0194 

.0206 

.0210 

.0218 

.0200 

.0132 

.0164 

.0112 

.0074 

.0074 

.0170 

.0119 

42 

.0230 

.0204 

.0192 

.0204 

.0212 

.0226 

.0206 

.0076 

.0094 

.0080 

.0036 

.0040 

.0038 

.0069 

43 

.0232 

.0224 

.0212 

.0214 

.0236 

.0244 

.0222 

.0046 

.0032 

.0062 

.0062 

.0080 

.0048 

.0050 

44 
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Table  of  Analyses  of  Jamaica  Pond  water  at  six  depths  —  Continued. 

NoTB. — The  averages  given  below  are  not  a  direct  mean  of  the  analyses  at  the  different  depths,  bat 
'  are  obtained  by  giving  each  depth  weight  in  proportion  to  the  amount  of  water  repreaentod. 

[Parts  per  100,000.] 


NiTSOOBV  AB  NlTRATBS. 

DATE. 

J 

0 

10 

SO 

SO 

40 

90 

'  Average 

1 

1S80 

July  25,  . 

.0000 

.0086 

.0180 

.0300 

.0133 

.0050 

.0140 

2 

Aug.  22.  . 

.0040 

.0027 

.0047 

.0100 

.0093 

.0060 

.0056 

8 

Oct.  23,   . 

.0050 

.0050 

.0070 

.0040 

.0060 

.0050 

.0054 

4 

Oct.  80,   . 

.0060 

.0060 

.0060 

.0040 

.0030 

.0030 

.0062 

6 

Nov.  6,   . 

.0080 

.0080 

.0080 

.0080 

.0060 

.0100 

.0078 

6 

Nov.  13,  . 

.0120 

.0100 

.0090 

.0110 

.0050 

.0090 

.0097 

7 

Nov.  20,  . 

.0060 

.0100 

.0120 

.0100 

.0070 

.0060 

.0097 

8 

Nov.  27,  . 

.0120 

.0120 

.0120 

.0180 

.0150 

.0150 

.0136 

9 

Deo.  4,   . 

.0300 

.0200 

.0300 

.0300 

.0220 

.0220 

.0262 

10 

Dec.  18,  . 

.0350 

.0280 

.0280 

.0230 

.0230 

.0200 

.0S&9 

11 

Deo.  26,  . 

.0320 

.0300 

.0280 

.0320 

.0300 

.0320 

.0303 

12 

IflOO. 

Jan.  1, 

.0250 

.0250 

.0300 

.0350 

.0326 

.0300 

.0290 

13 

Jan.  8,   . 

.0340 

.0340 

.0360 

.0360 

.0250 

.0250 

.0836 

14 

Jan.  16,  . 

.0300 

.0250 

.0400 

.0380 

.0350 

.0400 

.0331 

15 

Feb.  17.  . 

.0350 

.0880 

.0350 

.0320 

.0350 

.0300 

.0362 

10 

March  18.  . 

.0500 

.0460 

.0400 

.0500 

.0500 

.0500 

.0463 

17 

March  26,  . 

.0350 

.0400 

.0450 

.0480 

.0650 

.0500 

.0136 

18 

April  4,  . 

.0350 

.0420 

.0400 

.0520 

.0540 

.0480 

.0437 

10 

ApryiO,  . 

.0600 

.0550 

.0480 

.0500 

.0400 

.0480 

.0516 

20 

April  17,  . 

.0480 

.0480 

.0480 

.0480 

.0480 

.0480 

.0480 

21 

April  29,  . 

.0600 

.0480 

.0550 

.0430 

.0620 

.0280 

.0538 

22 

May  8.   . 

.0500 

.0520 

.0600 

.0600 

.0550 

.0250 

.0528 

23 

May  16,  . 

.0500 

.0400 

.0450 

.0600 

.0480 

.0060 

.0474 

24 

Mny  22,   . 

.0500 

.0450 

.0500 

.0600 

.0520 

.0070 

.0508 

25 

May  29,  . 

.0350 

.0400 

.0500 

.0500 

.0500 

.0060 

.0442 

26 

June  5. 

.0450 

.0500 

.0520 

.0520 

.0530 

.0100 

.0499 

27 

Juno  12,  . 

.0380 

.0350 

.0400 

.0400 

.0300 

.0060 

.0367 

28 

June  19.  . 

.0500 

.0500 

.0500 

.0550 

.0130 

.0060 

.0468 

20 

July  7,   . 

.0050 

.0052 

.0420 

.0450 

.0106 

.0040 

.0220 

30 

July  18,  . 

.0020 

.0025 

.0350 

.0400 

.0060 

.0070 

.oin 

81 

July  31.  . 

.0030 

.0020 

.0450 

.0280 

.0070 

.0080 

.oin 

32 

Aug.  14.  . 

.0030 

.0060 

.0400 

.0300 

.0080 

.0150 

.OlSO 

33 

Aug.  28,  . 

.0160 

.0160 

.0400 

.0200 

.0150 

.0160 

-0216 

34 

Sept.  11,  . 

.0120 

.0080 

.0150 

.0080 

.0150 

.0150 

.0111 

35 

Sept.  22.  . 

.0080 

.0020 

.0150 

.0150 

.0100 

.0150 

.0096 

36 

Oct.  1,   . 

.0160 

.0100 

.0100 

.0100 

.0100 

.0160 

.0100 

37 

Oct  9, 

.0160 

.0080 

.0080 

..0150 

.0160 

.0150 

.0115 

38 

Oct.  16,   . 

.0070 

.0070 

.0080 

.0080 

.0070 

.0150 

.0075 

89 

Oct.  24,   . 

.0080 

.0080 

.0080 

.0080 

.0090 

.0100 

.OOSl 

40 

Oct.  30.   . 

.0100 

.0150 

.0100 

.0100 

.0100 

.0150 

.0113 

41 

Nov.  6, 

.0200 

.0100 

.0120 

.0120 

.0100 

.0120 

.0126 

42 

Nov.  13.  . 

.0120 

.0120 

.0150 

.0350 

.0200 

.0150 

.0IS2 

43 

Nov.  20,  . 

.0120 

.0150 

.0150 

.0400 

.0150 

.0100 

.0I9S 

44 

Dec.  2,   . 

.0180 

.0180 

.0200 

.0250 

.0250 

.0200 

.0206 
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Table  of  Analyses  of  Jamaica  Pond  water  at  .six  dep^As  —  Conclnded. 

NoTB.  —  Tho  averatres  given  bolow  are  not  a  direct  mean  of  the  analyses  at  the  different  depths,  but 
are  obulned  by  giving  each  depth  weight  In  proportion  to  the  amount  of  water  represented. 

[ParU  per  100,000.] 


l^mtOORK  AS  NiTRITKS. 

AVBRAOB  XlTSOGEK. 

0 

lO 

SO 

80 

40 

SO 

Average. 

Oivanlc. 

1 

Inorganic. 

Total. 

.0000 

.0000 

.0001 

.0000 

.0005 

.0005 

.0001 

.0882 

.0383 

.1265 

1 

.0000 

.0001 

.0009 

.0024 

.0010 

.0003 

.0008 

.0802 

.0503 

.1306 

2 

.0001 

.0001 

.0001 

.0001 

.0001 

.0001 

.0001 

.0501 

.0601 

.1282 

.0001 

.0001 

.0001 

.0004 

.0005 

.0004 

.0002 

.0684 

.0847 

.1431 

.0001 

.0001 

.0002 

.0002 

.0001 

.0001 

.0002 

.0426 

.0453 

.0879 

.0003 

.0002 

.0002 

.0002 

.0001 

.0000 

.0002 

.0454 

.0599 

.1068 

•0003 

.0004 

.0004 

.0004 

.0012 

.0007 

.0005 

.0527 

.0760 

.1287 

.0009 

.0008 

.0007 

.0007 

.0008 

.0009 

.0008 

.0466 

.0663 

.1119 

.0012 

.0012 

.0012 

.0012 

.0012 

.0012 

.0012 

.0423 

.0776 

.1199 

.0017 

.0017 

.0018 

.0019 

.0019 

.0019 

.0018 

.0478 

.0729 

.1207 

10 

.0016 

.0016 

.0016 

.0016 

.0017 

.0017 

.0016 

.0565 

.0671 

.1286 

U 

.0018 

.0023 

.0024 

.0024 

.0021 

.0018 

.0022 

.0606 

.0626 

.1230 

12 

.0023 

.0024 

.0024 

.0021 

.0023 

.0021 

.0023 

.0557 

.0694 

.1161 

13 

.0017 

.0017 

.0016 

.0017 

.0016 

.0017 

.0017 

.0540 

.0557 

.1007 

14 

.OOU 

.0014 

.0014 

.0014 

.0014 

.0014 

.0014 

.0607 

.0450 

.1057 

15 

.0017 

.0017 

.0017 

.0015 

.0016 

.0017 

.0017 

.0583 

.0401 

.1074 

16 

.0013 

.0013 

.0013 

.0013 

.0013 

.0021 

.0013 

.0629 

.0449 

.1078 

17 

.0010 

.0012 

.0010 

.0010 

.0010 

.0012 

.0011 

.0662 

.0466 

.1117 

18 

.0013 

.0013 

..0013 

.0012 

.0012 

.0012 

.0013 

.0606 

.0552 

.1168 

10 

.0012 

.0010 

.0012 

.0010 

.0010 

.0010 

.0010 

.0561 

.0526 

.1086 

20 

.0010 

.0009 

.0009 

.0009 

.0012 

.0016 

.0010 

.0532 

.0676 

.1107 

21 

.0000 

.0009 

.0008 

.0009 

.0009 

.0020 

.0009 

.0471 

.0686 

.1057 

22 

.0011 

.0011 

.0009 

.0009 

.0009 

.0015 

.0010 

.0403 

.0667 

.0970 

23 

.0000 

.0009 

.0008 

.0009 

.0009 

.0025 

.0009 

.0474 

.0556 

.1030 

24 

.0009 

.0009 

.0008 

.00C9 

.0015 

.0025 

.0010 

.0430 

.0533 

.0963 

25 

.0009 

.0009 

0008 

.0010 

.0025 

.0020 

.0011 

.0467 

.0697 

.1064 

26 

.0006 

.0006 

0007 

.0007 

.0015 

.0012 

.0008 

.0417 

.0502 

.0919 

27 

.0006 

.0004 

.0004 

.0007 

.0004 

.0004 

.0005 

.0360 

.0623 

.0983 

28 

.0008 

.0006 

.0004 

.0007 

.0003 

.0000 

.0006 

.0510 

.0419 

.0929 

29 

.0000 

.0000 

.0001 

.0020 

.0001 

.0001 

.0004 

.0538 

.0468 

.0996 

30 

.0000 

0000 

.0003 

.0066 

.0002 

.0001 

.0014 

.0557 

.0474 

.1031 

31 

.0000 

.0000 

.0002 

.0044 

.0001 

.0000 

.0009 

.0610 

.0459 

.1069 

32 

.0000 

.0001 

.0027 

.0005 

.0001 

.0000 

.0007 

.0464 

.0537 

.1901 

33 

.0001 

.0001 

.0046 

.0006 

.0001 

.0002 

.0012 

.0591 

.M63 

.1054 

34 

.0002 

.0002 

.0066 

.0003 

.0001 

.0000 

.0016 

.0501 

.0620 

.1111 

35 

.0010 

.0010 

.0017 

.0004 

.0002 

.0000 

.0009 

.0664 

.0492 

.1056 

36 

.0000 

.0009 

.0020 

.0002 

.0001 

.0000 

.0009 

.0613 

.0564 

.1067 

37 

.0012 

.0012 

.0014 

.0001 

.0001 

.0000 

.0009 

.0528 

.0625 

.1163 

38 

.0009 

.0008 

.0010 

.0003 

.0001 

.0000 

.0006 

.0491 

.0638 

.1124 

39 

.0010 

.0010 

.0010 

.0010 

.0002 

.0000 

.0009 

.0491 

.0678 

.1109 

40 

.0008 

.0008 

.0008 

.0008 

.0008 

.0001 

.0008 

.0548 

.0664 

.1112 

41 

.0007 

.0006 

.0006 

.0007 

.0006 

.0006 

.0574 

.0691 

.1265 

42 

.0008 

.0009 

.0007 

.0008 

.0010 

.0307 

.0008 

.0482 

.0708 

.1190 

43 

.0008 

.0008 

.0009 

.0009 

.0010 

.0010 

.0009 

.0469 

.0713 

.1182 

44 
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Diagram  showing  the  Various  Forms  of  Nitrogen  in  Jamaica  Pond  a4  different 

Seasons  of  the  Year. 
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The  next  feature  considered  will  be  the  seasonal  changes,  in  the 
pond  as  a  whole,  of  the  various  forms  of  nitrogen.  These  are  shown 
by  the  columns  of  averages  in  the  table  on  pp.  756-759 ;  also 
graphically  by  the  diagram  opposite. 

The  most  prominent  feature  of  the  diagram  is  the  increase  in  free 
ammonia  during  the  summer  stagnation,  and  its  disappearance  during 
the  period  of  circulation,  which  extended  from  November  to  April. 

This  increase,  as  already  stated,  is  due  to  the  accumulation  of  free 
ammonia  in  the  lower  layers  of  the  water  by  the  decomposition  of 
organic  matter ;  also  in  part  to  the  deoxidation  of  the  nitrates  in 
these  layers.  The  decrease  takes  place  after  the  water  in  the  bottom 
layers  has,  by  the  autumn  circulation,  been  exposed  to  the  air  and 
mingled  with  the  surface  water,  thereby  losing  its  offensive  gases 
and  renewing  its  supply  of  dissolved  oxygen  so  that  nitrification 
can  take  place.  That  nitrification  does  occur  is  obvious  from  the 
coiTespondence  between  the  increase  in  nitrates  and  the  decrease  in 
free  ammonia.  There  is  also,  at  the  same  time,  an  increase  in  the 
suspended  albuminoid  ammonia,  showing  that  organisms,  either 
directly  or  indirectly,  appropriate  a  considerable  portion  of  the 
nitrogen  of  the  free  ammonia. 

The  suspended  albuminoid  ammonia  was  higher  at  the  beginning 
of  the  special  examination  than  subsequently.  It  had  been  much 
higher  previously,  owing  to  an  abnormally  abundant  growth  of 
OsciUaria^  which  reached  its  maximum  June  1,  and  was  rapidly 
disappearing  when  the  first  special  observations  were  made. 

The  dissolved  albuminoid  ammonia  was  remarkably  constant 
throughout  the  whole  period. 

The  fluctuations  of  the  nitrites  follow  in  a  general  way  those  of 
the  nitrates ;  but  the  similarity  is  not  very  striking. 

In  addition  to  the  above  changes,  which  occur  in  the  pond  as  a 
whole,  the  table  on  pp.  756-759  contains  also  the  changes  which 
occur  at  each  of  the  depths  examined.  To  present  these  changes 
graphically,  and  to  show  their  relation  to  the  temperature  of  the 
water,  the  diagram  opposite  the  following  page  has  been  prepared. 
In  order  to  avoid  confusion  of  lines,  the  results  obtained  at  the 
surface  and  at  a  depth  of  ten  feet,  which  correspond  closely,  are 
combined ;  and  those  at  a  depth  of  twenty  feet  are  omitted.  The 
nature  of  the  changes  indicated  upon  the  diagram  has  already  been 
80  thoroughly  discussed  that  it  will  be  unnecessary  to  refer  to  more 
than  a  few  special  features. 
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The  most  noticeable  general  feature  is  the  coincidence  of  the 
lines  which  separate  periods  of  stagnation  and  circulation,  with  the 
beginning  of  most  of  the  changes  which  take  place  in  the  different 
forms  of  nitrogen. 

The  decrease  of  the  nitrates  in  the  early  part  of  the  period  of 
stagnation  presents  some  peculiar  features.  The  bottom  layer  was 
first  affected,  the  nitrates  decreasing  from  .0480,  April  17,  to  .0060, 
May  15.  Next  the  nitrates  of  the  forty-foot  layer  diminished  from 
.0530,  June  5,  to  .0060,  July  18.  If  we  except  for  the  present  the 
surface  observations,  and  confine  the  discussion  to  the  stagnant 
layers,  we  find  the  next  reduction  in  the  thirty-foot  layer,  beginning 
June  19,  at.  0550,  and  diminishing  to  .0080,  September  11.  The 
twenty -foot  layer  was  next  affected,  the  nitrates  diminishing  from 
.0400,  August  28,  to  .0150,  September  11. 

These  changes  were  accompanied  by  a  corresponding  increase  in 
the  amount  of  free  ammonia,  but  not  by  any  large  rise  in  suspended 
albuminoid  ammonia;  all  of  which  indicates  that  the  decrease  of 
the  nitrates  was  due  mainly  to  deoxidatiou,  rather  than  to  the  appro- 
priation of  the  nitrogen  by  microscopic  green  plants.  This  view  is 
supported  by  the  fact  that  the  change  first  took  place  in  the  bottom 
layer,  where  the  supply  of  free  oxygen  was  first  exhausted ;  also 
because  the  change  was  not  simultaneous  in  different  layers,  though 
the  number  and  kinds  of  green  plants  in  each  were  nearly  the  same. 

The  decrease  of  the  nitrates  in  the  upper  layers,  where  the  water 
is  kept  in  circulation  all  summer  by  the  wind,  took  place  between 
June  19  and  July  7  ;  that  is,  after  a  similar  change  in  the  forty  and 
fifty-foot  layers,  and  before  one  in  the  twenty  and  thirty-foot  layers. 
The  change  in  this  case  appeals  to  be  due  to  the  appropriation  of  the 
nitrogen  by  green  plants,  which  were  more  abundant  at  the  latter 
date,  both  in  the  upper  layers  in  which  they  grew  and  in  the  lower 
layers  into  which  they  sank.  It  is  obviously  not  a  case  of  reduction 
from  nitrates  to  free  ammonia,  because  the  latter  did  not  increase. 

One  other  feature  indicating  the  reduction  of  nitrates  is  a  sud- 
den rise  of  nitrites  in  the  stagnant  layers,  followed  by  a  correspond- 
ing fall.  This  occurred  in  the  different  layers  in  the  same  order  as  the 
decrease  in  nitrates,  and  at  about  the  same  time,  and  is  most  notice- 
able in  the  twenty  and  thirty  foot  layers.  In  the  latter  the  nitrites 
were  .0007,  July  7,  rose  to  .0066,  July  31,  and  fell  again  to  .0005, 
August  28.  In  the  former,  the  nitrites  were  .0002,  August  U, 
.0066,  September  22,  and  .0017,  October  1. 
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The  pond,  on  accoant  of  the  large  population  on  its  watershed 
and  its  consequent  high  nitrogen,  furnishes  abundant  food  for  organ- 
isms ;  and  it  is  interesting  to  note  the  changes  which  occurred,  as 
determined  by  microscopical  examinations.  At  times  the  organisitis 
were  nearly  all  of  one  or  two  kinds,  while  at  other  times  there  was 
a  great  variety  in  the  pond.  An  attempt  has  been  made  to  show 
the  principal  changes  graphically  on  the  following  diagram :  — 
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In  general,  the  average  number  of  organisms  in  the  whole  con- 
tents of  the  pond  has  been  plotted  according  to  the  scale  on  the 
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left-hand  side  of  the  diagram.  Exceptions  have  been  made  in 
the  case  of  animals  (including  Dinobryon)^  which  occur  in  much 
smaller  numbers  than  the  other  organisms,  and  are  therefore  plotted 
oh  five  times  as  large  a  scale,  so  as  to  give  them  sufficient  promi- 
nence; also  in  the  case  of  Crenothrix^  which  was  found  almost 
wholly  in  the  bottom  layer,  so  that  the  number  in  this  layer  only 
is  indicated,  and  not  the  average  for  the  whole  pond. 

As  has  already  been  stated,  about  two  months  before  the  special 
examination  was  begun  there  was  an  enormous  growth  of  Oscillaria 
in  the  upper  layers  of  the  pond,  so  that  the  summit  in  the  line  repre- 
senting this  organism  does  not  indicate  the  maximum,  but  rather 
a  fluctuation  in  a  generally  decreasing  quantity.  During  the  time 
included  in  the  diagram,  the  Oscillaria  were  mostly  in  the  lower 
layers;  and  it  is  remarkable  that,  since  their  disappearance  in 
November,  1889,  none  have  been  found  in  the  water  except  oa 
one  or  two  occasions,  and  then  only  a  few  specimens.  Shortly 
before  the  disappearance  of  the  Oscillaria  the  animal  Dirvobryon 
became  abundant,  but  disappeared  suddenly  at  about  the  same  time 
as  the  Oscillaria,  During  the  month  of  December  the  water  con- 
tained only  a  very  few  organisms,  mostly  animals  of  many  diflfer- 
ent  kinds.  After  this  period  came  abundant  growths  of  Asterionella 
and  Synedra^  and  as  these  disappeared  there  was  an  abundant 
growth  of  Crenothrix  in  the  bottom  layer.  While  this  organism 
was  in  the  bottom  layer  and  had  almost  sole  possession  of  it,  a  great 
variety  of  algie,  including  somQ  Asterionella  and  Synedra^  were 
present  in  the  layers  above,  and  their  total  number  is  shown  on  the 
diagram.  A  very  abundant  growth  of  Anabcenay  which  reached  its 
maximum  September  11,  is  shown  separately  from  the  other  algae. 
In  this  case  an  instance  is  presented  of  an  organism  appearing  in 
great  quantities  which  had  been  entirely  absent  from  the  water  for 
more  than  a  year. 

The  foregoing  relates  wholly  to  a  pond  which  was  selected  for 
investigation  because  it  was  thought  that  it  would  exhibit  in  an 
extreme  degree  the  changes  which  occur  in  a  deep  pond.  To  indi- 
cate how  much  other  ponds  and  reservoirs  differ  from  this,  special 
examinations  have  been  made  of  several  during  the  period  of  stag- 
nation, and  the  results  are  recorded  in  the  tables  on  pp.  766,  767. 

For  more  convenient  comparison  the  following  condensed  table 
has  been  prepared,  which  gives  the  free  ammonia  at  the  surface  and 
near  the  bottom  of  each  of  these  ponds  and  reservoirs  :  — 
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Amount  of  Free  Ammonia  at  the  Surface  and  near  the  Bottom  of  Various  Deep 
Ponds  and  Reservoirs  during  the  Period  of  Stagnation. 


Datb. 

Depth  of 

Pond  or 

Beservolr. 

Depth  of 
deepest 
Sample. 

Feet 

Fesb  Ammoma. 

LOCALITY. 

Suxlkce. 

Near 

Feet. 

Bottom. 

Boston,  JamalGa  Pond, 
WellMley,  Waban  Lake,  . 
Boston,  Mystic  Lake, 

Salem,  Wenham  Lake, 
Boston,  Lake  Cochltnate,  . 
Boston,  Reservoir  4,  . 

Aug.  14, 1800,       . 
Aug.  27,  1880,       . 
July  20, 1880,        . 
Aug.  1, 1800,         . 
July  24, 1880,       . 
Jnne  18, 1800,       . 
July  2, 1888,.       . 

67 
86 
87 
21 
40 

48 

60 
86 
88 

20 
45 
86 

40 

.0000 
.0012 
.0010 
.0028 
.0000 
.0024 
.0000 

.4720 
.1760 
.1144 
.0696 
.0660 
.0344 
.0008 

It  will  be  noticed  by  reference  to  the  above  table  that  there  is  a 
vast  difference  in  the  amount  of  free  ammonia  found  near  the  bottom 
of  the  different  ponds  and  reservoirs,  and  that  there  is  only  one 
exception  to  the  rule  that  free  ammonia  accumulates  during  the 
summer  in  the  bottom  layers  where  the  depth  is  twenty  feet  or 
more.  The  single  exception  is,  rather  strangely,  not  a  natural 
pond,  but  a  comparatively  new  artificial  reservoir.  The  reasons  for 
this  appear  to  be,  first,  that  the  reservoir  is  not  polluted;  and, 
second,  that  all  vegetable  matter  was  carefully  removed  from  it 
before  filling  with  water.  Each  of  the  other  bodies  of  water  receives 
more  polluting  matter  than  this  reservoir,  and  in  most  cases  the 
amounif  of  ammonia  in  the  bottom  water  corresponds  to  the  amount 
of  pollution.  In  some  years,  as  shown  by  observations  of  tem- 
perature at  the  surface  and  bottom,  the  water  circulates  to  a  greater 
depth  during  the  summer  than  twenty  feet,  so  that  a  'reservoir  like 
No.  3  of  the  Boston  Water  Works  does  not,  under  such-  circum- 
stances, contain  any  accumulation  of  ammonia  at  the  bottom. 
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WeUesUy,  Wdban  Lake. 

Aaf .  27, 1889. 
[Farts  per  100,000.] 


Is 

f 

Appbarancb. 

Odor. 

Ajcmohia. 

NITBOOBK 
AS 

. 

f 

1 

j 

i 

ALBUM  IKOID. 

J 

5 

55 

1 

1^ 

5? 

it 

5 

6109 

1 

73.4  Distinct. 

Heavy, 
green. 

0.70 

Faintly 
vegetable. 

Distinctly 
vegetable. 

.0012 

.0308 

.0048 

.0040 

.0003 

.0660 

6110 

10 

70.2  Distinct. 

Heavy, 
green. 

0.70 

Faintly 
vegetable. 

Distinctly 
vegetable. 

.0026 

.0240 

.0070 

.0060 

.0002 

.0683 

6111 

20 

67.6 

DUtinct. 

Consider- 
able red- 
brown, 
flocculent. 

1.00 

Distinctly 
disagree- 
able. 

Distinctly 
disagree 
able. 

.0372 

.0200 

.0060 

.0020 

.0001 

.0781 

6112 

30 

48.6 

Distinct 

Consider- 
able red- 
brown, 
flocculent. 

1.60 

Distinctly 
disagree 
able. 

Very  dls- 
agreeable. 

.1186 

.0244 

.0074 

.0020 

.0002 

.1547 

6113 

35 

47.8 

Distinct. 

Consider- 
able red- 
brown, 
flocculent. 

2.00 

Distinctly 
vegetable 
and  disa- 
greeable. 

Very  dis- 
agreeable. 

.1760 

.0210 

.0126 

.0030 

.0001 

.2085 

Boston^  Mystic  Lake, 

July  29, 1889.       . 


4992 

0 

73.4 

Slight. 

Slight, 
green. 

0.05 

4993 

20 

63.3 

Blight. 

Slight, 
brown. 

0.10 

4991 

40 

46.6 

li^ht. 

Very 
Blight. 

0.03 

4495 

60 

42.8 

Slight. 

Slight, 
green. 

0.03 

4996 

86 

42.8 

Slight. 

Consider- 
able, 
brown. 

0.02 

V'y  faintly 
vegetable. 

Faintly 
vegetable 

Vy  faintly 
vegetable. 

Faintly 
mouldy. 

V'y  faintly 
mouldy 


Faintly 
mouldy. 

V'y  faintly 
vegetable. 

V*y  faintly 
vegetable. 

V'y  faintly 
mouldy. 

Very  faint 
or  none. 


.0010 

.0190 

.0070 

.0040 

.C02I 

.0044 

.0168 

.0052 

.0450 

.0100 

.0010 

.0128 

.0018 

.0550 

.0005 

.0000 

.0124 

.0008 

.0780 

.0005 

.IIU 

.0130 

.0068 

.0450 

.0040 

.0526 
.0070 
.0611 
.1005 
.1786 


Boston^  Reservoir  IIL 

Aug.  1, 1890. 


6330 

0 

79.8 

Slight. 

None. 

0.40 

Very  faint 
or  none. 

Faintly       1 
vegeUble.  1 

.0028 

.0250 

.0040 

.0050 

.0005 

.0572 

6331 

16 

68.1 

Decided. 

Slight,  red. 
flocculent. 

0.60 

Distinctly 
vegetable 
and  musty. 

Distinctly 
vegetable. 

.0240 

.0256 

.0084 

.0020 

.0005 

.0818 

6332 

20 

65.8 

Decided. 

Conslder- 

ahlt', 
flocculent. 

3.50 

Distinctly 
vegetable 
and  dlsa. 
grecable. 

Decidedly, 
vegetable 
and  dlsa 
greeable. 

.0606 

.0380 

.0048 

.0020 

.0007 

.1326 
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Salem^  Wenham  Lake, 

Jaly  24, 1889. 
[Parts  per  100,000.] 


767 


|1 

-1 

1^ 

Appeasanck.             I 

Odor. 

Ammoxia. 

NITKOOBN 
AS 

1 

. 

i 

i 

1 

ALBUMINOID. 

i 

« 

t 

§^ 

1 

1 

A 

it 

I 

4982 

5 

74.6 

Blight. 

BUght. 

0.00 

V*y  faintly 
vegetable. 

None. 

.0000 

.0140 

.0066 

.0020 

.0000 

.0887 

4983 

16 

74.3 

SUght. 

Blight. 

0.00 

Very  faint 
or  none. 

None. 

.0004 

.0158 

.0038 

.0030 

.0000 

.0371 

4984 

25 

59.0 

DUtioct. 

Blight. 

0.02 

None. 

None. 

.0000 

.0128 

.0064 

'.0030 

.0000 

.0873 

4985 

35 

58.6 

Distinct. 

Consider- 
able. 

0.02 

Very  faint 
or  none. 

Very  faint 
or  none. 

.0026 

.0116 

.0062 

.0030 

.0003 

.0373 

4986 

45 

49.6 

Distinct, 
yellow. 

Consider- 
able. 

1.00 

Faintly 
vegetable. 

Vy  faintly 
vegetable. 

.0560 

.0148 

.0110 

'.0100 

.0004  .1086 

Boston^  Lake  Cochituaie, 

June  18, 1890. 


6087 

1 

67.5 

Blight. 

Very 
slight. 

0.20 

V'y  faintly 
vegetable. 

Faintly 
vegetable. 

.0024 

.0172 

.0014 

.0250 

.0002 

.0585 

6083 

35 

50.0 

Very 
Blight. 

Very 
slight. 

0.30 

None. 

V'y  faintly 
vegetable. 

.0078 

.0146 

.0028 

.0820 

.0012 

.0095 

6039 

65 

45.0 

Distinct, 
milky. 

Blight. 

0.70 

V'y  fainUy 
musty. 

V'y  faintly 
musty. 

.0344 

.0168 

.0030 

.0800 

.0003 

.0925 

Boston^  Reservoir  IV, 

July  2,-1888. 


2701 

1 

- 

BUght. 

Blight. 

0.70 

Distinctly 
disagree- 
able. 

Distinctly 
disagree- 
able. 

.0000 

.0234 

.0034 

.0050 

.0001 

.0507 

2702 

20 

** 

Distinct 

Slight. 

0.40 

DisUnctly 
disagree- 
able. 

Faintly 
disagree- 
able! 

.0006 

.0214 

.0038 

.0050 

.0001 

.0487 

2703 

40 

- 

Blight. 

Blight. 

0.70 

V'v  faintly 
disagree- 

V'y faintly 

.0008 

.0192 

.0052 

.0080 

•0001 ;. 0512 

vegeUble. 

• 

able. 

1 

SPECIAL  CHARACTERISTICS  OF  CERTAIN  SURFACE  WATERS. 

Four  surface  waters  in  the  State  have  been  subject  to  much  greater 
changes  in  character  from  the  growth  of  organisms  than  any  others 
which  have  been  regularly  examined.  These  are  the  Ludlow  Res- 
ervoir, Springfield ;  the  Haynes  Reservoir,  Leominster ;  the  Reser- 
voir at  Brockton,  and  Jamaica  Pond,  Boston.     The  changes  which 
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take  place,  being  occasioned  by  the  growth  of  algro  and  other 
organisms,  are  best  indicated  in  a  chemical  analysis  by  the  suspended 
albuminoid  ammonia ;  but,  as  this  was  not  determined  during  the 
first  year  of  the  observations,  it  is  necessary,  in  order  to  make  that 
year's  work  available,  to  use  the  total  albuminoid  ammonia,  which 
fluctuates  in  nearly  the  same  way  as  the  suspended.  The  fluctua- 
tions of  both  of  these  constituents  are  shown  by  the  following 
diagram :  — 
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Diagram  showing  the  Total  and  Suspended  Albuminoid  Ammonia  alt  Brockton^ 
Leominster^  Springfield  and  Jamaica  Pondy  Boston. 
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In  comparing  the  lines  representing  the  different  waters,  the  gen* 
eral  similarity  of  the  first  three,  and  their  want  of  resemblance  to 
the  fourth,  are  very  noticeable.  To  state  the  case  more  in  detail^ 
the  albuminoid  ammonia  rises  every  year  during  the  warm  weather 
in  the  first  three  waters,  reaching  a  maximum  in  the  latter  part  ol 
the  summer  or  early  autumn  ;  while  in  the  fourth  the  fluctuations  do 
not  occur  annually,  and  the  maximum  point  is  reached  earlier  in  the 
season.  The  rise  in  albuminoid  ammonia  in  the  first  three  waters  is 
accompanied  by  an  abundant  growth  of  one  or  more  of  three  kinds 
of  blue-green  algse,  namely,  Anabcena^  ClcUhrocystiSy  and  Ccelos^ 
phoerium;  while  the  great  rise  at  Jamaica  Pond  occurred  when  the 
water  contained  an  enormous  growth  of  OscUlaria. 

The  discovery  that  waters  can  be  classified  in  this  way  appears  to 
offer  an  opportunity  for  ascertaining  the  cause  of  the  trouble  :  first, 
by  a  comparison  of  these  waters  and  their  environment  with  each 
other,  in  order  to  learn  the  features  which  they  have  in  common ; 
and,  second,  to  compare,  them  with  waters  not  so  affected,  to 
ascertain  in  what  respects  they  differ. 

The  features  to  which  attention  would  naturally  be  given  in  a  com- 
p  irison  of  this  kind  are  :  the  character  of  the  organisms ;  pollution  ; 
depth,  including  the  amount  of  shallow  flowage ;  the  character  of 
the  basin  with  regard  to  the  presence  or  absence  of  vegetable 
matter  in  the  bottom ;  if  an  artificial  reservoir,  the  character  of 
the  land  flowed,  whether  swamp  or  upland,  cleared  or  wooded,  and 
how  prepared  for  flowage,  whether  by  removing  only  trees  and 
bushes  above  the  surface  of  the  ground,  or  by  removing  all  soil, 
stumps  and  other  vegetable  matter ;  and  the  character  of  the  water 
entering  the  basin. 

In  making  a  comparison  of  the  organic  growths  in  the  first  three 
reservoirs,  it  is  found,  as  stated  above,  that  the  characteristic  growths 
at  the  time  of  the  rise  in  albuminoid  ammonia  are  the  blue-green 
algaj.  Upon  extending  the  comparison  to  other  ponds  and  reservoirs 
in  the  State,  it  is  found  that,  although  these  algsB  are  present  in 
many  instances  at  the  same  season  of  the  year,  yet  with  one  excep- 
tion they  do  not  multiply  to  any  very  great  extent,  and  consequently 
do  not  cause  the  same  fluctuations  in  the  chemical  character  of  the 
water.  This  shows  that  the  comparative  freedom  from  trouble  of 
other  waters  is  not  on  account  of  the  absence  of  these  particular  alg», 
but  rather  because  the  conditions  do  not  favor  their  multiplication. 
The  single  exception  mentioned  above  is  Horn  Pond,  in  Wobum. 
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In  comparing  the  three  reservoirs  as  to  their  physical  character- 
istics, we  find  that  none  of  them  are  so  deep  but  that  the  bottom 
water  is  brought  to  the  surface  in  summer  by  every  strong  wind. 
All  of  them  are  artificial,  none  have  had  the  vegetable  deposits 
removed,  and  each  covers  some  land  which  was  formerly  swamp 
or  meadow.  The  Haynes  Reservoir  at  Leominster  is  the  poorest 
one  of  the  three  with  regard  to  the  general  depth,  the  proportion  of 
very  shallow  flowage,  and  the  amount  of  swamp  in  the  bottom.  The 
Ludlow  Reservoir  at  Springfield  is  much  better  in  these  respects, 
being  nearly  twice  as  deep  as  the  Haynes  Reservoir,  containing  very 
little  shallow  flowage,  and  a  smaller  proportion  of  swamp.  The 
Brockton  Reservoir  is  intermediate  between  the  other  two  in  the 
features  mentioned,  except  that  it  contains  a  smaller  proportion 
than  either  of  land  which  was  originally  wet,  and  this  was  a  meadow 
rather  than  a  swamp.  The  water  which  enters  this  reservoir,  how- 
ever, coming  to  a  considerable  extent  from  swamps  and  meadows, 
is  darker  colored  and  contains  more  organic  matter  than  that  enter- 
ing the  other  reservoirs. 

The  quantity  of  water  entering  the  Brockton  Reservoir  during  a 
year  is  three  or  four  times  the  amount  required  to  fill  it,  while  the 
other  reservoirs  are  filled  on  an  average  about  once  in  nine  or  ten 
months. 

Neither  of  the  three  reservoirs  receives  any  considerable  amount 
of  sewage. 

Judged  by  ordmary  standards,  the  unfavorable  conditions  at 
Leominster  are  very  much  more  prominent  than  at  Springfield,  and 
the  peculiar  trouble  which  is  common  to  both  places  would  naturally 
be  expected  to  appear  in  an  exaggerated  form  at  the  former  place. 
It  will  be  seen  by  reference  to  the  diagram  that  this  is  the  case, 
though  not  to  the  extent  which  might  be  expected  when  the  great 
differences  in  the  two  reservoirs  are  considered.  At  Brockton  the 
trouble  was  most  serious  in  1887,  and  has  grown  less  and  less 
every  year  since;  so  that,  on  the  whole,  this  reservoir  has  been 
affected  much  less  than  the  others,  notwithstanding  the  fact  that 
both  the  reservoir  and  the  water  entering  it  are  worse  than  at 
Springfield,  except  that  the  reservoir  at  the  former  place  has  no 
extensive  swamp  in  the  bottom.  Brockton  has  also  the  advantage 
that  the  water  in  the  reservoir  is  changed  more  frequently. 

In  extending  the  comparison  to  the  other  reservoirs  in  the  State 
which  give  less  trouble  or  none,  there  are  many  which,  judged  by 
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the  usual  standards,  are  less  favorably  situated  than  that  at  Spring- 
field, though  there  are  not  many  which  combine  the  features  of  a 
flowed  swamp  and  infrequent  change  of  water. 

On  the  whole,  it  may  be  said  of  these  three  reservoirs  that  they 
possess  no  distinctive  physical  characteristics  to  which  the  special 
troubles  can  be  with  certainty  attributed;  but  that  there  is  the 
indication  that  the  swampy  bottoms  and  the  infrequent  change  of 
water  are  important  factors  in  the  case. 

There  is  one  other  point  which  may  be  referred  to ;  namely,  the 
degree  of  permanence  of  trouble  of  this  kind.  It  seems  reasonable 
to  suppose  that  artificial  storage  reservoirs  will  in  time  assume  the 
conditions  of  natural  ponds,  and  this  view  is  in  accordance  with  the 
facts  observed  with  regard  to  very  old  reservoirs.  A  change  of  this 
kind  may,  however,  require  a  great  many  years.  At  Springfield  the 
reservoir  was  built  and  its  filling  was  begun  in  1874.  The  next  sum- 
mer the  trouble  began,  and  it  has  recurred  every  year  since ;  that 
is,  for  sixteen  years  in  succession.  In  this  case  we  are  fortunate 
in  finding  on  record  frequent  analyses  of  the  water  during  the  first 
two  summers,  made  by  the  late  Prof.  Wm.  Ripley  Nichols.  The 
amount  of  the  trouble  was  then  practically  the  same  as  in  recent 
years,  and  there  is,  therefore,  no  indication  of  a  cessation  of  the 
trouble  in  the  near  future.  The  city  is  now  constructing  additional 
works,  with  the  view  of  abflndoning  the  use  of  this  reservoir,  except 
as  a  reserve  for  cases  of  emergency. 

The  Brockton  Reservoir  was  completed  in  1880,  but  serious 
trouble  was  not  experienced  until  1885.  In  1887  the  maximum 
was  reached,  and  it  has  been  steadily  decreasing  since. 

The  Haynes  Reservoir  at  Leominster  was  built  in  1873,  and  has 
always  given  trouble,  though  records  as  to  its  severity  are  incom- 
plete. 

These  facts  show  that  under  such  circumstances  a  storage  reser- 
voir may  continue  to  furnish  bad  water  for  a  very  long  time,  even 
if  unpolluted  by  sewage. 

Jamaica  Pond  difiers  greatly  from  the  three  reservoirs  named  in 
its  physical  characteristics,  it  being  a  natural  pond,  free  from  shallow 
flowage,  and  so  deep  that  there  is  no  interchange  of  water  from  the 
surface  to  the  bottom  in  warm  weather.  It  seems  hardly  possible 
that  such  an  enormous  growth  of  organisms  as  the  water  contained 
in  the  spring  of  1889  could  have  been  present  if  the  nitrogenous  food 
had  not  been  supplied  by  the  polluting  matters,  incident  to  the  large 


Digitized  by  LjOOQIC 


1889.]  WATER  SUPPLY  AND   SEWERAGE.  773 

population  on  the  watershed  of  the  pond.  On  the  other  band, 
it  cannot  bo  claimed  that  such  growths  as  this  will  necessarily  be 
produced  by  the  same  amount  of  pollution,  because  they  only  occur 
as  the  result  of  a  number  of  favoring  circumstances,  both  with 
regard  to  the  condition  of  the  organisms  and  of  their  surroundings. 
For  instance,  the  great  rise  shown  in  the  diagram  on  page  769  was 
occasioned  by  a  growth  of  Oscillaria^  which  did  not  re-appear  a  year 
later,  when  the  physical  conditions  were  substantially  the  same,  but 
was  followed  by  successive  growths  of  several  other  organisms,  as 
previously  indicated  by  the  diagram  on  page  763. 

The  conclusion  to  be  reached  from  this  study  of  the  waters  which 
have  usualW  contained  abundant  growths  of  organisms,  and  con- 
sequently given  much  trouble  from  bad  tastes  and  odors,  is  practi- 
cally the  same  as  has  already  been  reached,  from  the  general  study 
of  the  bad  tastes  and  odors  in  ponds  and  reservoirs  throughout  the 
State ;  namely,  that  sources  should  be  avoided  which  receive  sewage 
either  directly,  or  indirectly  by  filtration,  and  that  reservoirs  should 
he  prepared  for  storing  water  by  having  the  vegetable  matter 
removed  from  their  bottoms  and  sides. 


THE  NATURAL  FILTRATION  OF   WATER. 

When  we  speak  of  a  ground  water,  we  mean,  ordinarily,  the 
water  found  below  the  surface,  which  has  had  its  origin  in  the  inter- 
mittent filtration  of  rain  and  surface  water.  Ground  water  is  usually 
clear,  colorless  and  cool,  nearly  or  quite  free  from  organic  matter, 
ammonia  and  nitrites ;  and,  in  regions  remote  from  population,  its 
contents  of  nitrates  are  low.  The  oxidizing  power  of  porous 
earth  is  so  great  that  we  expect  to  .find  the  ground  water,  even 
in  localities  with  considerable  population,  nearly  free  from  organic 
matter ;  though  high  nitrates,  under  these  conditions,  indicate  that 
the  water  once  contained  a  large  quantity  of  nitrogenous  organic 
matter. 

In  most  of  the  ground-water  supplies  of  the  State,  the  water  is 
obtained  from  wells  or  galleries  alongside  of  streams  or  ponds. 
As  instances,  may  be  mentioned  the  water  supplies  of  Milford, 
Newton,  Brookline,  Waltham  and  Watertown,  which  are  all  on  the 
banks  of  the  Charles  River ;  the  wells  at  Attleborough  and  North 
Attleborough  which  are  on  the  banks  of  the  Ten  Mile  River,  those 
at  Bridgewater  on  the  Town  River ;  the  filter-gallery  at  Braintree 
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which  is  on  the  shore  of  Little  Pond,  and  that  at  Woburn  on  Horn 
Pond.  There  are  but  few  instances  in  the  State  where  wells  supply- 
ing large  communities  with  water  are  situated  in  localities  remote 
from  a  stream  or  pond.  In  the  localities  above  mentioned,  —  and 
there  are  many  similarly  situated  throughout  the  State,  —  the  water 
percolates  through  porous  strata  into  the  galleries,  both  from  the 
land  side  and 'also  from  the  stream  or  pond. 

It  is  in  most  cases  perfectly  filtered ;  that  is  to  say,  it  is  both 
clear  and  colorless.  But  it  is  important  to  observe  the  distinction 
that  the  water  which  comes  from  the  land  side  is  the  result  of  slow, 
intermittent  filtration,  and  contains  little  or  no  unoxidized  organic 
matter ;  while  that  which  filters  into  the  well  from  the  body  of  sur« 
face  water  is  the  result  of  continuous  filtration,  in  which  process 
little  or  no  oxidation  of  organic  matter  goes  on. 

In  intermittent  filtration  the  suspended  matters  are  removed,  and 
the  organic  matter  which  the  water  may  have  contained  is,  under 
favorable  conditions,  completely  oxidized ;  in  continuous  filtration 
through  a  considerable  distance  in  porous  earth,  although  the  oxida* 
tion  is  quite  insignificant,  there  is  effected  a  removal  of  suspended 
matters  and  also  in  many  cases  of  most  of  the  dissolved  organic 
matter,  so  that  the  water  is  not  only  rendered  clear  and  colorless, 
but  contains  very  much  less  impurity  than  it  did  in  the  stream  or 
pond. 

It  is  not  to  be  supposed  that  all  the  water  which  filters  into  the 
well  or  gallery  from  the  stream  percolates,  in  all  cases,  directly 
through  the  intervening  bank.  Most  of  the  water  may  ta^e  a  more 
or  less  circuitous  course,  since  the  banks  of  a  stream  are  often  but 
slightly  pervious  to  water,  by  reason  of  the  very  fine  silt  with 
which  they  are  coated. 

The  relative  amounts  of  water  which,  in  any  particular  case, 
reach  the  well  by  continuous  filtration  from  the  stream  or  pond 
on  the  one  hand,  and  by  intermittent  filtration  from  the  land  side 
on  the  other,  we  do  not  always  know ;  but  this  we  can  in  some  cases 
ascertain  by  a  comparison  of  the  composition  of  the  surface  water 
and  of  the  true  ground  water  of  the  region  with  the  water  in  the 
well.  In  a  comparison  of  the  water  of  Horn  Pond  in  Woburn, 
and  of  the  water  from  the  lund  side  as  obtained  by  means  of 
wells  sunk  at  some  distance  from  the  pond,  with  the  water  in 
the  filter-gallery^  which  is  about  one  hundred  and  thirty  feet 
from  the  pond,   it  has   been  determined  that  about  four-fifths  of 
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the  water  in  the  gallery  is  filtered  pond  water,  and  only  the 
remaining  one-fifth  is  ground  water  from  the  land  side.  Yet 
the  purification  is  very  decided ;  the  organic  matter  represented 
by  the  albuminoid  ammonia  was,  during  the  years  1887  to  1890, 
reduced  from  an  average  of  .0383  parts  in  100,000,  to  .0026 
parts,  a  reduction  of  93  per  cent. ;  and  the  free  ammonia  from  .0126 
to  .0012  parts,  or  a  reduction  of  90  per  cent.  But  the  nitrates  under 
these  conditi«ns  are  not  increased  as  they  would  be  if  the  filtering 
process  were  intermittent  and  accompanied  by  the  direct  oxidation 
of  the  organic  matter.  In  fact,  we  find  the  nitrates  in  the  filtered 
water  actually  lower  than  in  the  water  in  the  'pond,  being  .0452 
parts  per  100,000  in  the  latter,  and  .0381  in  the  former.  This  is 
owing,  without  doubt,  to  an  admixture  of  ground  water  from  the 
land  side,  with  lower  contents  of  nitrates.  Horn  Pond  afibrds  a 
good  opportunity  for  a  study  of  filtration  of  this  character,  since 
the  high  chlorine  contents  from  the  refuse  of  tanneries,  which  flow 
in  large  quantity  into  the  pond,  make  a  decided  contrast  with  the 
comparatively  unpolluted  ground  water  around  the  pond. 

In  the  following  comparison  of  the  average  composition  of  the 
water  of  Horn  Pond,  and  of  the  water  of  the  filter-gallery  for 
three  and  one-half  years,  is  shown  the  extent  to  which  the  purifica- 
tion of  a  water  may  be  carried  by  a  process  of  filtration  which  is 
mainly  continuous :  — 

Comparison  of  the  Water  of  Horn  Pond  and  that  of  the  FiUer- Gallery  on  Us 
Shore,  —  Average  of  Monthly  Determinations  for  Three  and  One-half  Years, 

[Parts  per  100,000.] 


Fond. 


Filter-Gallery. 


Turbidity,  .        ... 
Sediment,    ..... 

Color. 

Odor, 

Total  residue,     .... 
Free  ammonia,   .... 
DlBiolved  albamiaoid  ammonia. 
Suspended  albuminoid  ammonia. 
Nitrogen  as  nitrates, . 
Nitrogen  a«  nitrites,  ... 

Total  nitrogen 

Chlorine, 


Distinct. 
Considerable. 

0.33 
Considerable. 
11.81 

0.0126 

0.0217 

0.0150 

0.0452 

0.0013 

0.1286 

2.57 


None. 

None. 
0.00 

None. 
11.00 
0.0012 
0.0024 
0.0000 
0.0381 
0.0000 
0.0434 
2.20 
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In  the  case  of  filter-galleries  in  other  places,  the  chlorine  contents 
of  the  adjacent  body  of  surface  water  do  not  differ  enough  from 
that  of  the  region  to  determine  the  proportion  of  water  coming  from 
the  stream  or  pond ;  yet  it  is  known  that,  in  many  instances,  a  not 
inconsiderable  portion  filters  directly  from  these  sources.  This  can 
be  determined  in  some  cases  by  the  ratio  of  the  excess  of  nitrogen 
to  chlorine,  as  indicated  on  page  705,  and  in  some  by  the  albuminoid 
ammonia,  which  is  higher  than  we  find  in  ground  wateos  well  purified 
by  oxidation  in  the  process  of  intermittent  filtration.  This  is  shown 
in  one  instance  in  the  foUowinor  table  :  — 


Comparison  oj  the  Water  of  Charles  River  with  thai  in  the  Filter-Oallery  of  the 
Brookline  Water  Works.  —  Average  of  Monthly  Determinations  for  Two  Years, 

[ParU  per  100,000.] 


1 

«i 

a 

il 

IS 

AUMOSIA. 

XlTROGEX  AS 

Free. 

Albu- 
minoid. 

Nitrates. 

Nitrite*. 

River,         .... 
Filter-gallery,    . 

Slight. 
None. 

Slight. 
None. 

,.81 
0.03 

5.07 
6.79 

.0013         .0254 
.0003  ;      .0041 

.0094 
.0299 

.0001 
.0000 

.37 
.53 

The  higher  chlorine  and  nitrates  in  the  water  of  the  filter-gallery 
over  that  of  the  river  is  the  result  of  the  admixture  of  the  ground 
water  from  the  land  side. 

In  contrast  with  these  waters  of  wells  and  filter-galleries,  which 
are  the  result  of  the  mixture  of  waters  from  both  intermittent  and 
continuous  filtration,  may  be  given  two  instances  of  true  ground 
waters  which  have  their  origin  in  intermittent  filtration  only.  The 
first  is  a  spring  water  from  Williamstown,  which,  as  is  shown  by 
its  chlorine  contents,  has  not  been  polluted  by  household  wastes ; 
and  the  second  is  a  water  from  the  wells  at  Eaton's  Meadows  in 
Maiden,  which  shows  in  its  high  chlorine  and  nitrates  that  it  was 
once  considerably  polluted.  But  it  will  bo  noticed  that,  as  far  as 
freedom  from  organic  matter  is  concerned,  the  latter  is  as  well 
purified  as  the  former. 
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Analyses  of  Oround  Waters  practically  free  from  Organic  Matter,  but  differing 
widely  in  the  Contents  of  Nitrates. 

[Part*  per  100,000.] 


1 

1 

1 

1^ 

AlCMONIA. 

NiTSOaBN  AS 

Free. 

Albu- 
minoid. 

Nitrates. 

Nitrite*. 

1 

SpriDg  la  WllliAznstown, . 
Wells  at  Maiden,      .        . 

None. 
None. 

None. 
None. 

0.0 
0.0 

13.96 
16.69 

.0001 
.0000 

.0007 
.0006    ' 

.0486 
.4768 

.0000 
.0000 

0.07 
2.20 

In  nearly  all  the  wells  and  filter-galleries  in  the  State  from  which 
large  supplies  are  drawn,  the  mechanical  filtration  is  perfect ;  that  is 
to  say,  the  water  is  free  from  turbidity,  and  it  is  also  without  color. 
In  a  few  cases,  however,  the  well  or  gallery  is  so  near  a  pond  or 
reservoir,  or  the  filters  constructed  beneath  the  pond  itself  are  so 
imperfect,  that  the  water  which  flows  into  the  gallery  is  not  even 
mechanically  well  filtered.  In  these  cases  very  little  water  comes 
from  the  land  side,  and  the  water  cannot  be  properly  classified  with 
the  ground  waters  ;  it  is  rather  an  imperfectly  filtered  surface  water. 

There  are  three  localities  in  the  State  where  the  water  supply  is 
of  this  character ;  namely,  Arlington,  Wayland  and  Whitman.  The 
filter-gallery  at  Arlington  is,  in  part,  built  on  the  shore  of  a  storage 
reservoir  on  North  Brook  in  Lexington,  and  in  part  beneath  the 
bottom  of  the  reservoir.  A  similar  condition  exists  at  Wayland, 
where  the  galleries  are  in  connection  with  a  storage  reservoir  on 
Snake  Brook.  At  Whitman  the  galleries  are  in  immediate  proximity 
to  the  shores  of  Hobart's  Pond. 

A  comparison  of  the  analyses  of  these  three  waters,  on  pp.  13, 
338  and  359  of  this  volume,  with  those  of  the  waters  of  other  wells 
or  filter-galleries  in  the  State,  as,  for  instance,  at  Brookline,  Hyde 
Park,  Ware  and  Woburn,  shows  at  once  that  we  are  dealing  with 
a  very  different  condition  of  affairs.  The  very  imperfect  character 
of  the  filtration  is  shown  in  the  record  of  the  turbidity,  sediment 
and  color.  In  the  eighteen  examinations  of  the  water  of  the  Arling- 
ton gallery,  it  was  at  no  time  clear  or  colorless,  and  the  same  is  also 
true  of  the  water  from  the  galleries  at  Wayland  and  at  Whitman. 
Indeed,  the  turbidity  and  sediment  of  the  filtered  water  is  not 
uncommonly  greater  than  in  the  unfiltered  water  of  the  reservoir 
or  pond. 
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Another  result  of  this  rapid  filtration  is  a  very  marked  increase 
in  the  free  ammonia  of  the  filtered  water,  indicating  the  decompo- 
sition of  the  nitrogenous  organic  matter  contained  in  the  unfiltered 
water,  so  that  we  have,  as  the  result  of  filtration  of  this  character,  a 
positive  deterioration  of  the  quality  of  the  water.  The  filtered 
water  has,  it  is  true,  usually  less  color  and  also  less  albuminoid 
ammonia,  in  consequence  of  the  straining  out  of  some  of  the  sus- 
pended alg83  in  the  water ;  but  in  no  other  respects  can  the  water 
be  said  to  be  improved. 

In  the  following  table  the  free  ammonia  in  the  filtered  and  unfil- 
tered water  from  these  three  localities,  as  determined  monthly 
during  the  years  1887  to  1890,  are  given  side  by  side:  — 


Comparison  by  Months  of  the  Free  Ammonia  in  the  Surface  Water  Reservoirs  and 
Filter-galleries  at  Arlington^  Wayland  and  Whitman, 

[Parte  per  100,000.] 
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July, 

AuguBt,  . 

September, 

October, 

November, 

December, 

Janaary, 
February, 
March,    . 
April,      . 
May,       . 
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July,       . 
August,  . 
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February, 
March.  . 
April,  . 
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FREE  AMMONIA. 
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.0000 

.0000 
.0010 
.0020 
.0042 
.0004 

.0006 
.0024 
.0060 
.0052 
.0012 
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gallery. 
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.0104 
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.0246 
.0020 
.0282 
.0064 

.0164 
.0038 
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.0060 
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.0022 
.0006 

.0004 
.0036 

.0050 
.0046 
.0006 
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.0004 
.0004 
.0004 
.0016 
.0070 
.0032 
.0038 
.0002 

.0014 

.0014 

.0012 
.0025 
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.0225 
.0021 

.0001 
.0203 
.0130 
.0072 
.0190 
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.0016 
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Fond. 


.0020 


.0000 
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.0046 
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.0018 
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.0086 
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.0058 
.0048 
.0060 


.0014 
.0074 


.0126 
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Comparison  by  Months  of  the  Free  Ammonia  in  the  Surface  Water  Beservoirs  and 
FiUer-galleries  at  Arlington,  Way  land  and  Whitman — Concluded. 

[Put*  per  100,000  ] 
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.0004 

.0006 

March,    . 

- 

- 

.0000 

.0140 

.0002 

.0006 

April,     . 

- 

- 

- 

- 

.0028 

.0028 

May,       . 

- 

- 

- 

- 

.0068 

.0068 

June, 

. 

. 

- 

- 

.0054 

.0076 

July,       . 

- 

- 

.0006 

.0224 

.0008 

.0022 

August,  . 

- 

- 

- 

- 

.0014 

.0054 

Scpiember, 

.0000 

.0888 

- 

- 

- 

- 

October, 

- 

- 

.0001 

.0108 

.0018 

.0116 

November,     , 

- 

- 

- 

- 

.0060 

,0072 

December, 

- 

- 

.0080 

.0110 

.0038 

.0086 

Average, 

.0024 

.OlM 

.uoao 

.0148 

.0080 

.0084 

A  microscopic  examination  of  the  rusty  sediment  that  settles  out 
of  these  filtered  waters  on  standing,  shows  it  to  be  mainly  composed 
of  the  fungus  or  bacterium  Crenothrix.  This  thread-like  organism 
needs  for  its  life  and  growth  the  presence  of  iron  in  solution  in  its 
lower  condition  of  oxidation,  which  the  Crenothrix  in  some  way 
separates  from  the  water,  and  incorporates  into  its  sheath  in  the 
higher  condition  of  oxidation.  The  sediment  has  the  appearance  of 
hydrated  sesquioxide  of  iron,  which  it  is  in  large  proportion ;  only 
by  the  aid  of  the  microscope  is  the  organic  nature  of  the  deposit 
revealed. 

The  presence  of  organic  matter  in  the  water  is,  of  course,  neces- 
sary to  the  growth  of  this  organism ;  and  it  is  believed  that  a  con- 
dition of  more  or  less  advanced  decomposition  of  the  organic  matter 
is  favorable  for  its  rapid  development.  This  is  what  we  might 
expect  from  the  fact  that  Crenothrix  is  properly  classed  with  the 
fungi  or  bacteria.  Given  favorable  conditions,  that  is,  a  plentiful 
supply  of  decomposing  organic  matter  in  a  water,  and,  at  the  same 
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time,  suflScient  quantity  of  iron  in  solution  as  protoxide,  the  rate  of 
increase  of  this  organism  is  something  astounding. 

The  most  striking  instance  of  the  growth  of  Crenothrix  in  a  public 
water  supply  is  the  one  well-known  as  the  *Mvater  calamity"  in 
Berlin,  where  the  water  supply  derived  from  wells  sunk  near  Tegel 
Lake  had  to  be  abandoned  from  this  cause. 

During  the  summer  months  the  water  from  the  Wayland  filter- 
gallery  often  contains  such  a  large  quantity  of  this  iron  organism 
(which  increases  in  amount  in  the  pipes  as  the  water  passes  from  the 
filter  to  the  village)  that  it  is  rendered  practically  unfit  for  use.  In 
the  two  other  cases  of  imperfect  filtration,*  nameljf,  Arlington  and 
Whitman,  Crenothrix  is  at  times  found  abundantly,  but  it  does  not 
often,  in  these  filtered  waters,  give  rise  to  the  serious  annoyance 
which  it  occasions  in  the  Wayland  water. 

Crenothrix  thrives  best  in  the  warmer  months,  as  might  be 
expected,  since  the  higher  temperature  is  favorable  to  the  rapid 
decomposition  of  organic  matter ;  but  a  glance  at  the  records  of  the 
microscopic  examinations  of  the  three  waters  mentioned  shows  that 
it  may  be  found  in  all  months  of  the  year.  It  is  likewise  true  that 
the  free  ammonia  in  these  three  filtered  waters  is,  as  a  rule,  higher 
in  the  warmer  than  in  the  colder  months,  but  there  are  instances  in 
which  it  is  high  also  in  the  winter. 

The  recently  published  report,  by  Prof.  Hugo  de  Vries,  of  the 
Rotterdam  Crenothrix  Commission,  appointed  to  study  the  cause  of 
the  appearance  of  Crenothrix  in  the  Rotterdam  water  supply,*  estab- 
lishes the  fact  that  Crenothrix  is  not  a  ground- water  organism,  as 
had  hitherto  been  supposed,  but  that  it  is  very  genenilly  distributed 
in  surface  waters,  and  only  becomes  an  annoyance  by  its  rapid  mul- 
tiplication when  the  two  necessary  conditions  co-exist;  namely, 
decomposing  organic  matter  in  the  water,  together  with  iron  in  the 
state  of  protoxide.  These  two  conditions  are  seldom  found  in 
surface  waters  exposed  to  the  air,  but  in  cases  of  rapid  imperfect 
filtration  they  may  readily  co-ekist. 

In  former  investigations  of  this  subject  the  chemical  analyses  of 
the  surface  and  filtered  waters  have  been  insuflScient  to  give  any 
clue  to  the  changes  in  the  composition  of  the  waters,  under  the  con- 
ditions of  rapid  and  imperfect  filtration.     The  analyses  which  we 


*  The  reader  is  referred  to  an  exhanstiTO  article  on  Crenothrix  in  water  sapplies^  by  Prof.  W. 
T.  Sedgwick,  in  the  "Technology  Quarterly"  (Boston)  for  December,  1890,  which  eoDtains  a 
summary  of  this  report. 
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now  possess  of  the  waters  of  Arlington,  Wayland  and  Whitman 
throw  much  new  light  on  this  subject.  The  very  striking  increase 
of  the  free  ammonia  in  these  cases  of  imperfect  filtration  has  already 
been  mentioned.  This  points  to  decomposition  in  progress  either 
of  the  organic  matter  in  the  water  itself,  or  of  that  contained  in  the 
porous  media  through  which  the  water  filters.  In  this  decomposi- 
tion of  organic  matter  the  oxygen  dissolved  in  the  water  is  used  up, 
and  under  these  conditions  the  iron  in  solution  as  sesquioxide  is 
reduced  to  the  protoxide,  and  thus  both  of  the  necessary  con- 
ditions for  the  rapid  multiplication  of  the  Crenothrix  are  brought 
about.  Furthermore,  the  absence  of  light  where  these  changes  are 
going  on  is  favorable  for  bacterial  growth.  More  study  of  the  sub- 
ject is  needed,  to  determine  the  cause  of  this  rapid  decomposition 
of  the  organic  matter  in  rapid  filtration,  and  also  to  ascertain  whether 
the  presence  of  Crenothrix  has  any  influence  in  promoting  this 
decomposition.  But  the  above  theory  of  the  cause  of  the  rapid 
development  of  Crenothrix^  in  the  three  cases  under  consideration,  is 
consistent  with  the  facts  which  we  now  possess  on  this  subject. 

In  the  casQ  of  ground  waters  which  are  perfectly  filtered,  in  which 
practically  all  the  organic  matter  has  been  removed  by  oxidation  as 
the  result  of  intermittent  filtration,  or  by  long  contact  with  porous 
strata  in  continuous  filtration,  we  do  not  have  trouble  from  Creno- 
thrix^ nor  do  we  have  evidence  of  recent  decomposition  in  the 
presence  of  free  ammonia. 

It  is  true  that  the  biological  records  in  the  preceding  pages  show 
the  occasional  presence  of  Crenothrix  in  considerable  quantity, 
in  other  ground-water  supplies  than  those  we  have  been  considering. 
In  such  cases  it  may  be  that  the  conditions  of  filtration  were  at  the 
time  imperfect,  or  that  subsequent  decomposition  had  been  in  prog- 
ress, since  we  not  infrequently  find  that  Crenothrix  increases  in 
the  dead  ends  of  the  pipes. 

Notwithstanding  the  general  distribution  of  Crenothrix  in  natural 
surface  waters,  the  cases  in  which  serious  annoyance  arises  from  its 
abundant  growth  are  comparatively  few.  This  is  doubtless  due  to 
the  fact  that  there  is  lacking  the  coincidence  of  the  two  conditions 
necessary  for  its  life,  namely,  decomposing  organic  matter  and  iron 
in  solution  as  protoxide. 

The  generally  accepted  statement  that  good  ground  waters  are 
free  from  bacteria  finds  confirmation  in  the  results  of  the  bacterial 
examinations  which  have  been  made  of  some  of  the  waters  of  wells 
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and  filter-galleries  of  the  State.  It  has  been  found  that  those  waters 
which  are  shown  on  chemical  examination  to  have  been  well  purified 
by  filtration  are  nearly  or  quite  free  from  bacteria,  notwithstanding 
the. fact  that  the  waters  before  filtration  may  have  been  polluted 
and  contained  bacteria  in  large  quantities.  This  statement  applies 
only  to  waters  in  covered  wells  and  galleries  which  have  not  been 
exposed  to  the  air. 
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THE  POLLUTION  OF  STEEAMS. 


There  are  many  instances  in  which  sewage  is  discharged  into  a 
stream  without  producing  a  degree  of  pollution  which  is  apparent  to 
the  senses,  or  which  is  seriously  objectionable  where  the  stream  is 
not  used  for  the  purposes  of  domestic  water  supply.  On  the  other 
hand,  it  frequently  happens  that  a  stream  receives  so  much  sewage 
that  it  becomes  very  foul  and  offensive  to  those  living  near  it. 

The  dividing  line  between  these  two  conditions  must  always 
remain  somewhat  indefinite,  both  on  account  of  a  difference  of 
opinion  as  to  what  degree  of  pollution  is  permissible,  and  because  of 
the  great  difference  in  the  conditions  at  different  places,  such  as,  for 
instance,  the  character  of  the  sewage  ;  the  fluctuations  in  the  flow  of 
the  stream,  occasioned  by  its  use  for  mill  purposes ;  the  existence 
of  mill  ponds  in  which  sewage  deposits  may  accumulate ;  and  the 
presence  of  population  along  the  banks  below  the  point  where  the 
sewage  is  discharged.  At  the  present  time  the  dividing  line  is 
rendered  still  more  indefinite  by  a  lack  of  information  as  to  the 
effect  of  a  given  quantity  of  sewage  upon  a  given  quantity  of  water. 

The  investigation  of  the  rivers  in  Massachusetts  furnishes  some 
information  upon  this  subject,  which  will  be  presented  in  this  section. 

There  are  some  instances  in  which  the  polluting  matter  from 
factories  is  more  important  in  its  visible  effect  upon  a  stream 
than  domestic  sewage;  but  in  a  great  majority  of  cases,  where  the 
population  is  provided  with  sewers  discharging  into  a  stream,  the 
domestic  sewage  is  the  controlling  factor.  In  attempting  to  deter- 
mine a  permissible  ratio  between  the  amount  of  sewage  and  water, 
we  are  confronted  by  another  trouble  ;  namely,  the  variable  amount 
of  polluting  matter  contained  in  sewage  from  different  communities ; 
but,  as  this  is  due  to  the  different  amounts  of  water  used  in  different 
places  rather  than  to  variations  in  the  amount  of  polluting  matter 
Contributed  per  person,  this  diflSculty  will  be  avoided  if  we  adopt 
as  a  basis  for  calculations  the  relation  of  the  population  to  the 
quantity  of  water  flowing  in  the  stream.  The  volume  flowing  in 
streams  is  commonly^  expressed  in  cubic  feet  per  second ;  but,  in 
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adopting  this  as  a  unit,  it  is  necessary,  in  order  to  avoid  too  small 
quantities,  to  make  the  unit  of  population  1,000. 

The  quantity  of  water  which  will  dilute  the  sewage  of  1,000  per- 
sons sufficiently  to  render  it  unobjectionable  for  all  purposes  except 
drinking  can  be  determined  by  two  methods  :  first,  by  actual  experi- 
ence in  the  discharge  of  sewage  into  streams,  where  the  population 
connected  with  the  sewers  and  the  volume  of  water  flowing  in  the 
stream  are  known  ;  and,  second,  by  determining  by  chemical  analysis 
the  composition  of  the  water  of  a  stream  which  has  been  polluted 
by  sewage  to  the  greatest  permissible  extent,  and  then  determining 
by  calculation  what  relation  of  population  to  volume  of  water  will 
produce  the  same  composition. 

The  effect  which  the  sewage  of  a  given  population  may  be 
expected  to  produce  upon  the  composition  of  the  water  into  which  it 
is  discharged  will  be  understood  best  if  the  second  method  is  first 
discussed.  In  order  to  make  the  calculations  there  referred  to,  it  is 
necessary  to  know  the  actual  amount  of  one  or  more  constituents 
contributed  to  sewage  per  inhabitant,  which  can  be  determined  best 
from  analyses  of  sewage  where  the  contributing  population  and  the 
quantity  of  sewage  are  known,  together  with  the  corresponding 
analysis  of  the  water  supply  which  by  the  pollution  became  sewage. 
These  data  are  accessible  in  the  report  of  the  Royal  Commission  on 
Metropolitan  Sewage  Discharge,  1884,  which  contains  181  analyses 
made  by  Mr.  W.  J.  Dibden  of  samples  collected  so  that  they  would 
fairly  represent  the  average  London  sewage,  and  in  the  monthly 
reports  of  the  water  supply  of  the  metropolis.  Estimating  from  the 
population  and  the  dry-weather  flow  of  sewage  at  this  time,  the 
volume  equalled  37  United  States  gallons  per  person  per  day  ;  but, 
in  order  to  allow  for  a  little  rain-water  at  the  time  when  some  of  the 
samples  were  collected,  the  average  volume  is  estimated  at  40  gallons 
per  person  per  day,  equal  to  333  pounds. 

The  analysis  of  this  sewage  and  the  corresponding  average  analysis 
of  the  water  supplied  to  London  at  the  same  time  are  as  follows,  the 
figures  given  representing  parts  per  100,000  :  — 


Free 
AminonSa. 


Albaminoid 
Ammonia. 


Dissolved 
Solids. 


Chlorine. 


Sewage,    . 

Water, 

Difference, 


4.6160 
0. 


0.5471 
0.0078 


4.5160 


0.5393 


S4.7 
27.3 


57.2 


15.0 
1.63 


13.38 
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These  differences  represent  the  matter  added  to  the  water  to 
make  it  sewage,  and  from  them  and  the  known  weight  of  sewage 
per  person  (333  pounds)  the  absolute  amount  of  each  of  these  con- 
stituents contributed  per  per.son  may  be  estimated  with  the  following 
results :  — 


Free  Ammonia. 

.015  pounds. 


Albominold  Ammonia. 

.0018  pounds. 


Dissolved  Solids. 

.191  pounds. 


Chlorine. 

.045  pounds. 


The  volume  of  sewage  with  the  corresponding  population  and 
analyses  are  not  available  in  any  other  place  where  the  sewage  is  of 
normal  character,  except  London  ;  but  the  Relative  amounts  of  the 
different  constituents  can  be  determined  at  other  places,  as,  for 
instance,  at  Lawrence  and  Worcester,  Mass.  The  average  analyses 
of  water  and  sewage  at  Lawrence,  as  given  on  pp.  183  and  538,  are 
as  follows,  the  figures  representing  parts  per  100,000 :  — 


Free  Albuminoid  I    DiHRolved 

Ammonia.      Ammonia.   '       Solids. 


Oilorine. 


Sewage,  . 
Water,  . 
DiCfereoce, 


1.8202 
.0014 


1.8188 


.5302 
.0107 


.5195 


35.63 
3.83 


5.25 
0.21 


81.80 


6.04 


Analyses  of  Worcester  sewage,  made  in  1872,  and  recent  analyses 
of  the  water  supply,  are  as  follows  :  — 


Free 
Ammonia. 

Albuminoid 
Ammonia. 

Dissolved 
Solids. 

Chlorine. 

Sewage, 

1.8760 

.3160 
.0168 

25.35 
2.65 

4,17 
.14 

Water 

.0020 

Difference, 

1.8740 

.8002 

22.70 

4.03 

If  at  each  of  these  three  places  the  amount  of  free  ammonia  is 
assumed  as  the  unit,  the  ratio  of  the  other  constituents  to  it  is  as 
follows :  — 


Frre 
Ammonia. 

Albuminoid 
Ammonia. 

Dissolved 
Solids. 

1 

0.12 

12.7 

1 

.   0.29 

17.5 

1 

0.16 

12.1 

London,  . 
Lawrence, 
Worcester, 


3.0 
2.8 
2.2 
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If  the  amount  of  free  ammonia  contributed  per  person  at  each  of 
these  places  is  the  same  as  at  London,  then,  by  calculation  from 
these  ratios,  the  amount  of  each  of  the  other  constituents  would  be  :  — 


rOUKDS. 


London,  . 
Lawrence, 
Worcester, 


.191 
.262 
.181 


.0» 
.042 


Making  an  average  of  the  above  by  allowing  the  observations  at 
London  and  Lawrence  full  weight,  and  those  at  Worcester  half 
weight,  the  quantities  given  below  are  obtained,  which  may  be 
adopted,  for  further  calculations,  as  the  standard  amounts  of  each  of 
these  constituents  contributed  daily  per  inhabitant  to  change  water 


into  sewage :  — 


Free  Ammonia. 

.015  pounds. 


Albuminoid  Ammonia. 

.003  pounds. 


DiSfloWed  Solids. 

.218  pounds. 


Chloilne. 

.042  pounds. 


Using  these  figures  as  a  basis,  we  may  determine  the  parts  per 
100,000  of  each  of  these  constituents  added  to  water  to  make  sewage 
of  difierent  degrees  of  dilution.  In  most  cases  the  amount  of  each 
originally  contained  in  the  water  is  so  small  that  it  may  be 
neglected,  in  which  case  the  calculated  quantity  will  represent  the 
actual  composition  of  the  sewage. 

Calculdted  Composition  of  Sewage  of  Different  Degrees  of  Dilution, 

[Parte  per  100.000.] 


Volnme  of  Water 
per  capita. 

(Gallons). 

Amuokia. 

Dissolved 
SoUda. 

Free. 

Albuminoid. 

Chlorine. 

40 

4.60 

.90 

65.4 

12.6 

60 

8.60 

.72 

62.8 

lO.l 

00 

3.00 

.eo 

46.3 

8.4 

70 

2.57 

.62 

37.4 

T.2 

80 

2.25 

.45 

32.7 

6.3 

90 

2.00 

.40 

29.1 

5.6 

100 

1.80 

.36 

26.2 

1 

6.0 

120 

1.50 

.80 

'               21.8 

4.2 

160 

1.20 

.24 

17.4 

3.4 
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If  the  above  table  is  continued  so  as  to  include  much  greater 
degrees  of  dilution,  then  we  have  presented  the  conditions  which 
obtain  when  sewage  is  discharged  into  streams.  In  this  case,  how- 
ever, as  the  dilution  becomes  greater  and  the  effect  of  the  polluting 
matters  of  the  sewage  less  and  less  marked,  it  becomes  more  neces- 
sary to  take  into  account  the  original  composition  of  the  water  with 
which  the  sewage  is  mingled.  In  addition  to  this  no  allowance  is 
made  for  the  loss  of  free  and  albuminoid  ammonia,  which  some- 
times takes  place  when  sewage  is  highly  diluted,  as  will  be  shown 
subsequently. 

Amounts  of  Ammonia,  Dissolved  Solids  and  Chlorine  added  to  Streams  by  Domestic 
Sewage  for  Various  Batios  of  Population  to  Qtuintity  of  Water  flotoing, 

[ParU  per  100,000.] 


VoLUMK  OF  Water. 

AmcoNiA. 

Disaolved 
SoUds. 

Cubic  Feet  per 

Hecond  per 
1,C00  Per»on«. 

Gallons  per 

Capita 

per  Day. 

Free. 

Albominoid. 

0.5 
1.0 
1.6 
2.0 

323 

646 

069 

1.292 

.5580 
.2790 
.1860 
.1895 

.1114 
.0557 
.0371 
.0278 

8.10 
4.05 
2.70 
2.02 

1.66 
.78 
.52 
.39 

2.5 
3.0 
4.0 
5.0 
6.0 
7.0 

1,615 
1,988 
2,584 
8,230 
3,876 
4,522 

.1116 
.0030 
.0607 
.0558 
.0465 
.0399 

.0223 
.0186 
.0139 
.0111 
.0093 
.0080 

1.62 
1.35 
1.01 
0.81 
0.67 
0.58 

.81 
.26 
.19 
.16 
.13 
.11 

8.0 
0.0 
10.0 
15.0 
20.0 
80.0 
40.0 
50.0 
100.0 

5,168 

5,814 

6,463 

9,601 

12,926 

10,880 

25,852 

32,315 

64,630 

.0349 
.0310 
.0279 
.0186 
.0139 
.0008 
.0070 
.0056 
.0028 

.0070 
.0062 
.0056 
.0037 
.0028 
.0019 
.0014 
.0011 
.0006 

0.51 
0.45 
0.40 
0.27 
0.20 
0.18 
0.10 
0.08 
0.04 

.10 
.00 
.08 
.05 
.04 
.08 
.02 
.02 
.01 

In  order  to  make  practical  use  of  this  table  in  determining  the 
greatest  amount  of  domestic  sewage  which  can  be  turned  into  a 
stream  without  making  it  offensive,  it  is  necessary  to  compare  the 
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calculated  analyses  of  the  table  with  observed  analyses  of  polluted 
streams.  In  making  such  comparisons,  the  free  ammonia,  wUch  is 
the  characteristic  feature  of  sewage,  and  which  is  found  only  in 
extremely  small  quantities  in  unpolluted  streams,  is  the  best  index. 

The  Blackstone  River,  a  short  distance  below  the  point  where  it 
receives  the  sewage  of  Worcester,  contained  on  an  average  during 
the  two  years  ending  June  1,  1889,  0.2160  parts  per  100,000  of  free 
ammonia.  The  stream  at  this  place  is  very  foul  and  offensive.  At 
Uxbridge,  sixteen  miles  further  down  stream,  where  the  sewage  is 
further  diluted  to  a  considerable  extent  by  cleaner  water  from  the 
tributaries,  the  average  free  ammonia  was  0.1011.  The  water  at 
this  place  is  so  much  polluted  as  to  affect  its  quality  for  manufactur- 
ing purposes,  but  it  is  not  generally  offensive  to  those  living  on  the 
banks  of  the  stream.  At  Millville,  in  the  town  of  Blackstone,  still 
further  down  stream,  where  the  dilution  is  still  greater,  the  average 
free  ammonia  is  0.0455,  and  the  river  is  inoffensive.  The  odor  of 
the  water,  however,  when  a  sample  is  agitated  in  a  bottle,  as 
observed  by  the  chemist,  is  generally  musty  and  disagreeable,  and 
on  a  few  occasions  offensive.  The  free  ammonia  at  this  place  was 
at  one  time  as  high  as  0.0896. 

Stacy's  Brook  in  Swampscott,  during  the  time  of  its  examination, 
received  much  sewage  from  the  easterly  portion  of  Lynn,  and  con- 
tained on  an  average  0.1858  parts  per  100,000  of  free  ammonia. 
The  stream  has  a  foul  appearance,  and  the  samples  generally  had 
an  offensive  odor  even  during  those  portions  of  the  year  when,  on 
account  of  the  high  flow,  the  free  ammonia  was  considerably  less 
than  the  average  above  given. 

A  single  sample  from  Pegan  Brook,  Natick,  collected  in  June, 
1889,  and  having  0.1200  parts  of  free  ammonia,  was  characterized 
by  the  chemist  as  having  a  distinctly  musty  odor  when  cold,  and  a 
strongly  musty  and  disagreeable  odor  when  hot. 

Samples  taken  in  September,  1888,  from  Coachlace  Brook  in 
Clinton,  which  is  a  very  foul  stream,  had  an  average  free  ammonia 
of  0.1955,  and  an  offensive  odor.  The  pollution  of  this  stream  is 
partly  by  sewage  and  partly  by  wool-washing  refuse.  At  the  same 
time  four  samples  were  taken  from  the  mouth  of  the  south  branch  of 
the  Nashua  River,  below  Coachlace  Brook,  which  had  an  average 
free  ammonia  of  0.0264.  The  odor  of  the  samples  was  faint,  and 
the  river  did  not  have  a  noticeable  odor  when  the  samples  were 
collected.     In  one  of  the  samples  the  free  ammonia  was  0.0444. 
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Two  samples  collected  from  the  Charles  River,  below  Milford, 
where  it  is  a  very  small  stream,  one  taken  a  week  later  than  the 
other,  in  July,  1890,  contained  respectively  .1570  and  .1320  parts 
of  free  ammonia.  The  first  had  only  a  faint  odor,  and  the  second 
was  decidedly  ofiensive.  This  case  is  introduced,  in  part,  for  the 
purpose  of  showing  that  the  amount  of  ammonia  is  by  no  means  an 
unfailing  index  of  the  amount  of  odor  from  sewage.  It  is,  however, 
the  best  index  that  we  have  where  the  pollution  is  occasioned  by 
domestic  sewage. 

Several  instances  might  be  enumerated  of  streams  which  are  pol- 
luted by  sewage  so  that  the  water  contains  from  0.0100  to  0.0300 
parts  of  free  ammonia,  without  having  offensive  odors. 

It  will  be  seen  that  the  foregoing  data  are  insufficient  for  reaching 
a  definite  conclusion,  and  a  further  study  of  the  subject  is  very  much 
needed.  In  the  mean  time,  however,  it  is  necessary  to  solve  prac- 
tical problems,  and  it  is  therefore  desirable  to  limit  the  debatable 
ground  as  far  as  may  be  justified  by  the  observations.  For  this 
purpose  two  lines  have  been  drawn  across  the  table  on  page  789,  to 
include  those  ratios  of  population  to  volume  concerning  which  there 
may  be  doubt.  These  lines  include  volumes  from  2.5  to  7.0  cubic 
feet  per  second  per  1,000  persons,  and  free  ammonia  from  0.0399  to 
0.1116. 

With  smaller  volumes  of  water,  the  pollution  is  so  great  as  to  be 
inadmissible.  With  larger  volumes,  the  pollution  is  so  small  as  to 
be  clearly  admissible  from  the  stand-point  of  the  offensiveness  of  the 
water.  From  other  stand-points,  however,  such  as  the  use  of  water 
for  certain  manufacturing  purposes,  the  amount  of  dilution  should 
be  greater ;  and  in  a  stream  used  for  domestic  water  supply  it  can- 
not be  said,  with  our  present  knowledge,  that  any  degree  of  dilution 
will  make  the  water  entirely  safe  for  use. 

All  of  the  foregoing  relates  to  the  pollution  of  the  water  itself, 
as  if  the  sewage  emptied  into  a  stream  of  unvarying  volume,  flowing 
with  sufficient  rapidity  to  prevent  deposits.  If,  instead,  the  sewage 
is  turned  into  a  stream  where  it  is  ponded  by  a  dam,  or  if  there  are 
ponds  on  the  stream  below  the  point  of  discharge,  the  solid  particles 
of  the  sewage  may  accumulate  and  decompose,  giving  off  offensive 
gases.  This  is  more  likely  to  occur  if  the  deposits  are  covered  with 
foul  water  in  which  the  dissolved  oxygen  has  been  used  up,  because 
the  decomposition  will  then  be  putrefactive  rather  than  a  process  of 
oxidation.     The  fluctuations  in  the  height  of  a  stream,  where  they 
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cause  large  areas  to  be  alternately  covered  with  water,  and  left  bare, 
are  also  unfavorable  for  the  proper  disposal  of  sewage.  In  short, 
there  are  many  things,  such  as  the  variations  in  the  volume  flowing 
in  a  stream  occasioned  by  its  use  for  mill  purposes,  the  amount  and 
character  of  manufacturing  wastes,  and  the  subsequent  use  of  the 
water  for  different  kinds  of  manufacturing,  which  require  careful 
consideration  in  each  case,  and  often  a  considerable  variation  from 
any  general  rules  which  may  be  laid  down. 

The  other  method  of  determining  the  ratio  of  population  to  flow  of 
streams,  referred  to  in  the  early  pai-t  of  this  section  of  the  report, 
depends  upon  observations  of  the  effect  of  discharging  the  sewage  of 
a  given  population  into  a  stream  of  known  size.  In  this  State  there 
are  but  two  streams  where  a  comparison  of  this  kind  is  practicable ; 
namely,  the  Blackstone  and  Merrimack  rivers.  The  former  has 
discharged  into  it  the  sewage  of  the  city  of  Worcester,  with  an 
estimated  population,  in  1888,  of  76,500.  The  total  population 
above  the  point  where  samples  were  collected  was  at  the  same  time 
77,500.  The  volume  of  water  flowing  in  the  river  during  working 
hours  was  determined,  but  not  the  total  quantity  flowing  in  the  whole 
twenty-four  hours. 

In  order  to  obtain  the  latter  quantity,  which  is  needed  for  these 
comparisons,  it  is  necessary  to  make  use  of  the  flow  per  square  mile 
of  drainage  area,  as  determined  by  the  actual  measurement  of  the 
flow  of  some  other  stream  having  a  known  drainage  area.  The 
Sudbury  River  measurements  for  the  period  under  consideration, 
as  given  on  page  655  of  this  volume,  are  the  most  applicable  to 
this  case. 

The  average  flow  of  the  Blackstone  River  for  the  period  under 
consideration,  reckoned  upon  this  basis,  was  122  cubic  feet  per  sec- 
ond ;  and,  if  we  assume  that  the  river  received  the  sewage  of  70,000 
of  the  population,  then  the  volume  per  1,000  persons  would  be  1.77 
cubic  feet  per  second.  The  amount  of  pollution  at  this  place,  as 
already  stated,  is  much  greater  than  is  permissible.  At  Uxbridge, 
which  is  sixteen  miles  further  down  stream,  the  flow  upon  the  basis 
above  given  is  279  cubic  feet  per  secondhand,  if  we  assume  that 
the  sewage  of  3,000  persons  enters  the  river  between  Worcester  and 
Uxbridge,  making  a  total  of  73,000,  the  volume  flowing  per  1,000 
persons  was  3.88  cubic  feet  per  second.  The  water  at  Uxbridge 
was  so  much  polluted  that  its  quality  for  manufacturing  purposes 
was  affected,  but  it  was  not  generally  offensive  to  those  living  upon 
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the  banks  of  the  stream.  The  amount  of  pollution  at  this  place  was 
increased  somewhat  by  the  manufacturing  refuse  turned  into  the 
river  below  Worcester. 

The  Merrimack  River  will  be  considei-ed  with  reference  to  the 
effect  of  the  sewage  of  Lowell  upon  it.  In  this  case  observations  for 
more  than  three  years  are  available.  The  average  flow  of  the  river 
has  been  8,720  cubic  feet  per  second,  and  the  average  population  of 
Lowell  for  the  same  time  74,500 ;  hence,  the  volume  flowing  has 
equalled  117  cubic  feet  per  second,  per  1,000  persons.  If,  instead 
of  the  average  flow,  we  toke  the  low- water  flow  of  2,200  cubic  feet 
per  second,  and  the  population  as  given  by  the  census  of  1890,  the 
volume  per  1,000  persons  is  28  cubic  feet  per  second.  It  will  be 
observed  that  the  former  of  these  results  represents  a  greater 
dilution  than  any  indicated  by  the  table  on  page  789,  while  the 
latter  shows  a  dilution  four  times  as  great  as  the  highest  about  which 
there  is  any  doubt.  The  discharge  of  this  sewage  into  the  river, 
added  to  that  which  has  already  entered  it  from  cities  and  towns 
above,  together  with  a  vast  amount  of  manufacturing  sewage,  has 
not  affected  the  water  enough  to  prevent  the  city  of  Lawrence,  ten 
miles  below,  from  adopting  and  maintaining  a  water  supply  from 
this  source  ;  although  the  danger  to  health  which  has  been  found  to 
exist  in  this  water  supply  has  led  the  city  authorities  to  contemplate 
the  introduction  of  water  from  a  new  source.  This  is  a  striking 
instance  of  the  extent  to  which  a  great  river  can  dilute  the  sewage 
of  a  very  large  population  ;  but  the  fact  that  the  water  is  not  worse 
than  it  is,  is  undoubtedly  due  in  part  to  the  so-called  self-purifying 
power  of  streams,  which  will  now  be  discussed. 


SELF-PURIFICATION  OF  STREAMS. 

This  subject  may  be  discussed  with  reference  to  the  subsequent 
use  for  drinking  of  water  which  has  been  polluted  by  sewage,  or 
from  the  other  stand-point  of  rendering  inoffensive  a  stream  which 
has  been  made  offensive  in  the  same  way.  In  the  case  of  the  stream 
used  for  drinking,  chemical  purification  is  less  important  than  the 
destruction  of  disease  germs,  so  that  the  purification  should  be  con- 
sidered from  a  bacterial  as  well  as  a  chemical  stand-point ;  while  in 
the  case  of  the  offensive  stream  the  improvement  is  well  indicated 
by  chemical  analysis  alone. 
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The  investigation  of  rivers  in  Massachusetts  has  been  almost 
wholly  chemical,  and  the  subject  will  therefore  be  discussed  mainly 
from  this  stand-point.  In  comparing  a  sample  of  water  taken 
from  a  stream  at  a  point  where  it  is  much  polluted  with  one 
taken  further  down  stream,  there  is  often  a  very  marked  improve- 
ment in  the  quality  of  the  water  at  the  lower  point,  owing  to  the 
dilution  caused  by  purer  tributaries,  and  by  water  filtering  into  the 
stream  from  subterranean  sources.  It  is  only  when  the  effect  of 
this  dilution  is  eliminated  that  we  can  determine  the  chemical 
changes  which  have  taken  place,  as  a  result  of  the  purifying  action 
of  the  stream. 

The  Blackstone  River  furnishes  a  good  illustration  of  a  change 
due  largely  to  dilution.  The  chlorine  just  below  Worcester  is  1.19 
parts  per  100,000,  while  at  Millville  it  is  but  0.46.  As  the  chlorine 
compounds  found  in  water  are  very  permanent,  this  cannot  be 
attributed  to  a  reduction  in  the  actual  amount  of  chlorine,  but  rather 
to  its  diffusion  in  a  greater  amount  of  water.  This  is  known  to  be 
the  case  in  this  instance,  as  there  is  added  to  the  water  which  flows 
past  Worcester,  before  it  reaches  Millville,  three  times  its  own 
volume  of  water  containing  much  less  chloriwe. 

If,  instead  of  comparing  analyses  directly,  we  make  use  of  them  in 
connection  with  the  amount  of  water  flowing  to  determine  the  number 
of  pounds  of  each  constituent  actually  carried  by  the  river  in  a  given 
time,  we  eliminate  the  effect  of  dilution,  except  that  the  number  of 
pounds  found  at  the  lower  station  includes  not  only  the  amount  put 
in  at  the  upper  one,  with  such  modifications  as  may  be  due  to  the 
purifying  action  of  the  stream,  but  also  the  number  of  pounds  of 
each  constituent  added  at  intermediate  points,  both  from  natural 
and  artificial  sources. 

In  the  case  of  the  Blackstone  River,  the  amount  of  impurity  in 
the  water  just  below  Worcester  is  so  great,  in  comparison  with  that 
entering  the  stream  between  this  place  and  stations  further  down  the 
stream,  that  it  is  feasible  to  reach  conclusions  of  some  value  as  to 
the  purifying  effect  of  the  stream,  without  making  any  allowance  for 
the  added  impurities.  More  accurate  results  can  be  obtained,  how- 
ever, by  making  corrections  for  the  impurities  added  to  the  river 
from  natural  sources.  This  can  be  done  with  a  fair  degree  of 
accuracy,  notwithstanding  the  fact  that  no  analyses  of  the  tributaries 
have  been  made,  because  the  quantity  of  water  brought  in  by  trib- 
utary streams  is  proportionate  to  their  watersheds,  and  the  general 
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character  of  unpolluted  surface  waters  in  this  vicinity  is  known. 
No  correction  is  necessary  in  the  case  of  the  free  ammonia,, because 
the  amount  naturally  found  in  streams  is  insignificant  when  com- 
pared with  that  entering  the  river  from  sewage.  The  correction 
for  chlorine  is  the  largest  one,  and  this  is  definitely  known  from  the 
normal  chlorine  of  this  region.  The  corrections  for  albuminoid 
ammonia  and  nitrates  are  less  accurate. 

It  has  not  been  found  practicable  to  make  a  correction  for  the  arti- 
ficial pollution,  because  the  population  sewering  directly  into  the 
stream  and  the  character  and  extent  of  the  manufacturing  wastes  are 
unknown.  In  consequence  of  the  omission  of  this  correction,  any 
purification  which  may  be  found  to  have  taken  place  between 
Worcester  and  a  point  below  occurs  notwithstanding  the  artificial 
pollution  added  to  the  stream  at  intermediate  points. 

Two  tables  are  given  below :  the  first  shows  the  average  number 
of  pounds  per  day  of  free  and  albuminoid  ammonia,  nitrates  and 
chlorine  passing  Worcester,  Uxbridge  and  Millville  during  the  two 
years  ending  May  31, 1889  ;  the  second  table  is  the  same  as  the  first, 
except  that  the  quantities  passing  the  two  lower  stations  are  dimin- 
ished by  the  amount  of  each  constituent  naturally  brought  in  by 
tributaries  below  Worcester. 


Table  showing  the  Amounts  of  Different  Constituents  in  the  Water  which  passes 
Three  Points  on  the  Blackstone  River, 

[Poundi  per  day.] 


LOCATION. 


Worcester, 
Uxbridge, 

Millville,     . 


Ammonia. 


Free. 


1728 
1629 
1299 


454 
734 


Nitrogen  as 
Nltrtitei. 


Chlorine. 


218 
491 
611 


8630 
10406 
13166 


Total 
Nitrogen. 


.3000 
.2681 
.2891 


Same  as  Above,  except  that  the  Quantities  at  Uxbridge  and  Millville  are  reduced  to 
allow  for  the  Impurities  naturally  brought  in  by  Tributaries  below  Worcester, 

[PonndBperday.] 


LOCATION. 


Worcester, 
Uxbridge,  , 
MUlville,    . 


Ammonia. 


Free. 


1728 
16J29 
1299 


826 
306 
382 


Nitrogen  at 
Nitrateg. 


218 
426 
457 


Chlorine. 


8630 
8738 
9206 


ToUl 
Nitrogen. 


.3000 
.2272 
.2156 


Digitized  by 


Google 


796  WATER  SUPPLY  AND   SEWERAGE.  [Dec, 

Before  drawing  any  conclusions  from  the  tables,  it  may  be  well  to 
indicate  the  limitations  of  accuracy  of  these  investigations.  The 
samples  collected  just  below  Worcester  were  usually  obtained  on 
week  days  in  the  latter  part  of  the  forenoon,  and  consequently 
represented  the  morning  flow  of  sewage  diluted  with  the  flow  of  the 
river  during  working  hours.  Samples  were  taken  at  the  lower 
points  a  day  or  two  later  than  at  Worcester,  but  the  time  was  not 
suflicient  to  permit  the  water  to  pass  from  Worcester  to  these 
stations.  If  a  longer  time  had  elapsed,  there  was  greater  danger 
that  the  comparison  might  be  affected  by  intervening  rains,  which 
would  increase  the  dilution  at  the  lower  stations.  In  any  method  of 
collection  with  points  so  far  apart  on  a  stream  containing  many  mill 
ponds,  there  is  no  assurance  that  any  given  sample  at  the  lower 
station  represents  the  day  or  night  flow  of  sewage  at  the  upper 
station.  In  view  of  these  conditions  affecting  the  accuracy  of  the 
results,  it  is  obvious  that  too  much  stress  should  not  be  laid  upon 
small  variations  in  the  quantity  of  any  constituent,  and  it  even 
seemed  somewhat  doubtful  whether  the  average  of  observations  as 
given  in  the  table  would  be  trustworthy.  To  test  this  point,  the 
results  obtained  at  different  periods  have  been  compared.  Those 
given  in  the  table  are,  as  already  stated,  based  upon  the  analyses  of 
the  first  two  years,  and  the  flow  of  the  river  as  deduced  from  the 
areas  of  the  watersheds  above  the  different  points,  in  connection  with 
the  recorded  yield  per  square  mile  of  the  watershed  of  Sudbury 
River  during  the  same  period.  The  analyses  for  the  third  year, 
June,  1889,  to  May,  1890,  inclusive,  were  next  treated  in  the  same 
way ;  and  finally  the  analyses  from  September,  1887,  to  December, 
1888,  were  made  use  of  in  connection  with  the  average  flow  of  the 
river,  as  deduced  from  actual  measurements  of  the  flow  during 
working  hours  given  on  page  392.  The  results  obtained  in  the 
three  cases  corresponded  quite  nearly,  showing  a  high  probability 
that  the  general  results  given  in  the  tables  are  trustworthy. 

Returning  to  the  second  of  these  tables,  we  find  that  the  albu- 
minoid ammonia  (which  represents  the  organic  nitrogen  both  in 
solution  and  in  suspension)  amounts  at  Worcester  to  826  pounds 
daily.  At  Uxbridge,  sixteeti  miles  below,  the  quantity  is  reduced 
to  306  pounds,  showing  a  loss  of  rather  more  than  half,  which  may 
be  attributed  to  the  deposit  of  suspended  particles  and  the  decom- 
position of  a  portion  of  the  organic  matter  in  solution.  From 
Uxbridge   to  Millvillo   the   quantity  increased  from  306   to   382 
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pounds,  which  may  be  due  to  the  growth  of  organisms  which  appro- 
priate the  free  ammonia  and  nitrates,  and  to  the  increase  from 
artificial  pollution  caused  by  the  population  and  factories  on  the 
large  area  of  watershed  which  drains  into  the  river  below  Uxbridge. 
It  might  be  thought  that  the  increase  from  these  causes  would  be 
insufficient  to  offset  the  decomposition  of  the  organic  matter  of  the 
Worcester  sewage,  and  this  would  probably  be  the  case  were  it  not 
that  the  portion  which  still  remains  in  the  river  is  comparatively 
stable  in  character. 

The  free  ammonia,  which  is  a  product  of  decomposition  and  a 
characteristic  component  of  sewage,  decreases,  from  Worcester  to 
Uxbridge,  from  1,728  to  1,629  pounds.  It  is  not  probable  that 
this  represents  the  whole  loss  of  free  ammonia  which  takes  place  in 
this  distance,  because  a  considerable  amount  must  have  been  devel- 
oped below  Worcester  by  the  decomposition  of  the  dissolved  and 
suspended  organic  matter,  and  a  further  amount,  as  in  the  case  of 
other  constituents,  must  have  entered  with  the  sewage  and  other 
polluting  matters  turned  into  the  stream  at  different  points  below 
Worcester.  This  view  is  supported  by  the  increase  of  nitrogen  as 
nitrates,  from  218  pounds  at  Worcester  to  426  pounds  at  Uxbridge, 
which  is  due  to  the  oxidation  of  the  nitrogen  of  the  free  ammonia. 
From  Uxbridge  to  Millville  there  is  a  loss  of  330  pounds  of  free 
ammonia,  and  an  increase  of  nitrogen  as  nitrates  of  but  31  pounds. 
In  this  case  the  loss  of  ammonia  does  not  appear  to  be  occasioned  to 
any  large  extent  by  oxidation.  Some  of  the  nitrogen  is  undoubtedly 
appropriated  by  suspended  organisms,  and  some  by  fixed  plants. 

The  chlorine  shows  a  gradual  increase  from  point  to  point,  which 
is  easily  accounted  for  by  the  population  below  Worcester. 

If  we  estimate  the  total  nitrogen  at  Worcester  and  Millville,  by 
methods  which  in  this  case  are  necessarily  approximate,  we  find 
3,000  pounds  at  Worcester  and  2,156  pounds  at  Millville,  leaving 
844  pounds  daily  unaccounted  for.  A  portion  of  this  is  undoubtedly 
contained  in  the  suspended  matter,  which  settles  to  the  bottom  in 
mill  ponds  and  sluggish  places,  and  either  remains  there  or  is  swept 
down  the  stream  by  freshets,  thereby  generally  escaping  without 
being  represented  in  an  analysis.  It  is  possible  that  some  of  the 
ammonia  may  escape  into  the  air,  and  some  may  be  appropriated  by 
fixed  plants.  It  is  also  not  improbable  that  a  portion  of  the  differ- 
ence may  be  due  to  the  unavoidable  inaccuracies  in  comparisons  of 
this  kind,  as  previously  indicated. 
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If  from  this  consideration  of  details  we  tarn  once  more  to  the 
general  results,  we  find  that  the  water  in  passing  from  Worcester  to 
Millville  loses  rather  more  than  one-half  of  its  organic  nitrogen,  and 
that  the  remaining  portion  is  comparatively  stable.  There  is  a  loss 
of  one-fourth  of  the  free  ammonia,  caused  partly  by  the  oxidation 
of  its  components  into  nitric  acid  and  water ;  but  the  striking  fact 
remains,  that,  after  a  flow  of  twenty-three  miles,  three-fouilhs  of 
the  free  ammonia  remains  unchanged,  notwithstanding  the  long  time 
required  for  the  water  to  pass  this  distance,  owing  to  its  slow  move- 
ment through  mill  ponds,  and  the  aeration  which  it  receives  at  the 
dams. 

It  is  known,  as  will  be  shown  subsequently,  that,  in  some  instances 
where,  by  reason  of  the  relatively  small  amount  of  sewage  dis- 
charged into  a  stream,  the  amount  of  ammonia  contributed  to  it  is 
also  small,  this  ammonia  disappears  rapidly  and  completely.  In  the 
Blackstone  Eiver  the  absolute  quantity  which  disappears  is  large, 
but  the  proportionate  quantity  is  small.  It  may  be  that  the  acid 
liquors  turned  into  the  river  from  the  iron  works  at  Worcester  pre- 
vent a  rapid  oxidation  of  the  ammonia,  and  the  great  amount  to  be 
oxidized  may  also  be  an  important  factor. 

The  Merrimack  River  furnishes  the  best  example  of  high  dilution 
of  sewage ;  for,  notwithstanding  the  great  population  which  dis- 
charges sewage  into  it  at  Concord,  Manchester  and  Nashua,  N.  H., 
and  at  Lowell,  Lawrence  and  Haverhill,  Mass.,  the  water  is  not  at 
any  place  very  bad,  from  a  chemical  stand-point. 

By  reference  to  the  table  on  page  446,  which  contains  the  average 
Analyses  of  the  river  water  at  several  points  from  above  Nashua, 
N.  H.,  to  Haverhill,  Mass.,  it  will  be  observed  that  most  of  the  con- 
stituents increase  in  quantity,  with  a  fair  degree  of  regularity,  from 
place  to  place  going  down  the  stream. 

Two  of  the  constituents,  namely,  the  free  ammonia  and  the 
albuminoid  ammonia  in  suspension,  are  exceptions  to  this  rule,  in 
that  their  increase  is  not  regular,  and  there  is  in  some  instances  a 
noticeable  decrease. 

The  free  ammonia  at  both  Lowell  and  Lawrence  is  less  below  the 
city  than  above,  notwithstanding  the  large  amount  of  ammonia 
which  is  discharged  into  the  river  in  the  sewage  of  these  cities. 
This  feature  is  shown  very  prominently  by  a  special  examination 
made  in  August,  1888,  during  a  moderately  low  stage  of  the  river, 
the  results  of  which  are  given  in  the  following  table :  — 
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Special  Exctmination  of  Merrimack  River  in  August,  1888. 

[Part*  per  100,000.] 


Date  of  Collection. : 

•A 
1 

0.20 

1  Evaporation. 

AVMONIA. 

1 

i 

NiTBOQEK 

AS 

1 

1 

1 

ALBUMINOID. 

1 

I 

sl 

i 

Above  Nashua,     . 

1888. 

Aug.  15, 

3.80 

0.80 

2.50 

.0028 

.0128  .0106 

.0022 

.16 

.0050 

1 

.0002 

Above  Lowell,     . 

Aug.  16. 

3 

0.20 

3.87 

0.80 

3.07 

.0022 

.0159 '.0180 

.0020 

.22 

.0073 

.0002 

Central  Bridge,  Lowell, 

Aug.  17, 

1 

0.25 

3.75 

0.00 

2.85 

.0014 

.0178 

.0134 

.0044 

.22 

.0000 

.0001 

Below  Lowell,      . 

Aug.  16. 

8 

0.22 

4.57 

1.08 

3.40 

.0004 

.0181 

.0135 

.0046 

.27 

.0073 

.0003 

Above  Lawrence, . 

Aug.  17, 

3 

0.25 

3.85 

0.87 

2.08 

.0043 

.0202 

.0152 

.0050 

.24 

.0107 

.0002 

Below  Lawrence, . 

Aug.  17, 

3 

0.28 

4.12 

0.95 

3.17 

.0005 

.0224 

.0159 

.0065 

.25 

.0070 

.0002 

Above  HaverhiU,  . 

Aug.  17, 

2 

0.22 

4.37 

1 

1.07 

3.30 

.0022 

.0216 

.0145 

.0071 

.25 

.0160 

.0002 

The  table  shows  the  free  ammonia  above  Lowell  to  be  .0022  parts 
per  100,000,  and  that  below  Lowell  .0004.  The  volume  of  water 
flowing  in  the  river  at  the  time  was  5,000  cubic  feet  per  second, 
equal  to  70  cubic  feet  per  second  for  every  1,000  inhabitants  in 
Lowell.  By  estimates  made  upon  the  same  basis  as  the  table  on 
page  789,  we  find  enough  free  ammonia  in  the  sewage  to  have  added 
to  that  in  the  river  .0040  parts  per  100,000 ;  we  have  therefore  a 
total  of  .0062  parts  of  free  ammonia  which  should  be  found  below 
Lowell  if  there  was  no  loss ;  but  in  some  way  all  of  this  has  been 
removed  except  .0004.  The  river  water  after  receiving  the  sewage 
of  the  city  runs  over  long  rapids  known  as  Hunt's  Falls  to  the 
sampling  place  below  Lowell. 

It  might  be  thought  that  the  loss  of  free  ammonia  was  cSused 
by  the  aeration  of  the  water  during  its  passage  over  these  falls  ;  but 
this  cannot  be  the  case  because  a  similar  loss  occurs  at  Lawrence 
where  there  is  no  fall  in  the  river  below  the  point  where  the  sewage 
enters  it.* 

The  amount  of  free  ammonia  remaining  in  the  water  just  below 
the  cities  is,  as  above  indicated,  very  small,  but  increases  to  a 


*  An  examination  of  the  water  above  and  below  Niagara  Falls,  made  in  Jnly,  1890,  by  Dr. 
Albert  B.  Leeds,  showed  that  the  aeration  of  the  water  daring  the  passage  over  the  falls  did 
not  cause  any  decrease  in  the  free  ammonia, —the  amonnt  being  .0056  parts  per  100,000  above 
and  .0090  below.  The  albaminoid  ammonia  was  .0110  above  and  .0109  below,  the  oxygen  con- 
sumed fh>m  potassium  permanganate  .2260  at  both  ^^akQM,-^  Journal  of  the  American  Chemical 
Society;  New  York,  November,  1890. 
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marked  extent  as  the  water  flows  more  sluggishly  to  points  further 
down  stream.  This  feature  is  noticeable  in  the  average  analyses  in 
the  table  on  page  446,  but  is  more  strikingly  illustrated  by  the 
special  examination  presented  in  the  table  on  the  preceding  page, 
■where  the  free  ammonia  is  but  .0004  below  Lowell  and  increases  to 
.0043  before  reaching  Lawrence.  This  increase  does  not  represent 
free  ammonia  which  was  contained  as  such  in  the  sewage,  although  it 
may  have  its  origin  in  decomposing  organic  matter  discharged  into 
the  river  in  the  sewage  and  manufacturing  wastes. 

The  increase  in  the  amount  of  albuminoid  ammonia  from  place 
to  place,  which  is  indicated  by  both  of  the  tables,  shows  a  greater 
pollution  at  the  lower  stations.  This  fact,  however,  should  not  lead 
us  to  infer  that  no  purification  takes  place,  because  the  increase  may 
represent  only  a  part  of  the  organic  matter  discharged  into  the 
stream.  Upon  this  point  the  information  which  is  necessary  to 
enable  any  definite  conclusions  to  be  drawn  is  wanting. 

Whether  the  purification  of  the  stream  as  indicated  by  the  rapid 
decrease  of  free  ammonia  below  the  cities  is  any  indication  of  a 
decrease  in  the  number  of  disease  germs  cannot  be  asserted  ;  indeed, 
there  does  not  seem  to  be,  in  this  case,  any  necessary  connection 
between  the  two ;  and  we  do  not  find  that  there  is  any  correspond- 
ing destruction  of  the  organic  matter  which  the  sewage  brought  into 
the  stream. 

A  somewhat  remarkable  example  of  rapid  conversion  of  the 
nitrogen  compounds  found  in  a  polluted  water  into  other  forms  of 
nitrogen  is  furnished  at  Framingham,  where  the  water  of  the  under- 
drain  of  the  sewerage  system  enters  and  mingles  with  Beaver  Dam 
Brook,  a  tributary  of  Lake  Cochituate.  The  underdrain  is  laid  at  a 
lowe^  level  than  the*  sewers,  in  order  to  reduce  the  level  of  the 
ground  water  and  to  prevent  its  filtration  into  the  sewers,  which 
would  increase  the  amount  of  sewage  to  be  pumped  and  purified  by 
the  system  of  intermittent  filtration  adopted  at  this  place.  That 
there  is  no  leakage  from  the  sewer  into  the  underdrain  is  indicated 
by  the  fact  that  its  water  contains  no  more  free  ammonia  since  sew- 
age has  been  admitted  to  the  sewer  than  was  found  before  the  sewers 
were  used. 

The  large  amount  of  chlorine  contained  in  the  water  of  the  under- 
drain shows  that  it  derives  a  part  of  its  water  from  cess-pools,  which 
were  in  general  use  before  the  sewerage  system  was  built,  and  are 
still  used  in  many  instances.     Its  high  contents  of  free  ammonia 
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also  indicate  that  this  water  coming  from  cess-pools  is  imperfectly 
purified.  The  water,  however,  is  colorless  and  clear,  and  as  it 
issues  from  the  mouth  of  the  underdrain  contains  many  reddish 
brown  flocks  of  CrenothriXy  which  rapidly  deposit  in  the  more 
sluggish  current  of  the  open  channel  through  which  the  water  flows 
to  Beaver  Dam  Brook.  A  series  of  observations  was  made  Aug.  8, 
1890,  when  the  brook  was  extremely  low  and  the  water  in  it  flowed 
sluggishly  through  a  luxuriant  growth  of  aquatic  plants.  The  flow 
of  the  brook  after  receiving  the  stream  from  the  underdrain  was 
made  up  of  45  per  cent,  of  water  from  the  underdrain  and  55  per 
cent,  of  water  from  the  brook.  The  following  table  contains  the 
analyses  made  at  this  time :  — 

Analyses  of  Water  from  the  Framingham  Underdrain  and  from  Beaver  Dam 
Brook  above  and  below  Uy  made  Aug,  S,  1890* 
[Parts  per  100,000.] 


The  analysis  of  the  sample  collected  from  the  brook  300  feet 
below  the  entrance  of  the  stream  from  the  underdrain  shows  very 
nearly  the  result  which  might  be  expected  from  mixing  the  waters  if 
no  chemical  changes  occurred.  At  points  further  down  stream  there 
is  a  gradual  reduction  in  the  amount  of  chlorine,  owing  to  dilution ; 
but  there  are  vastly  greater  changes  in  the  nitrogen  compounds.  At 
the  mouth  of  the  brook,  one  mile  from  the  underdrain,  very  nearly 
all  the  free  ammonia  added  by  it  has  disappeared,  with  a  slight 
increase  in  albuminoid  ammonia  over  the  amount  due  to  the  admix- 
ture of  the  waters.  The  nitrates  do  not  show  any  marked  change 
until  the  estuary  of  the  brook  is  reached,  when  they  are  reduced 
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from  .2000  to  .0200  parts  per  100,000.  This  reduction  was  caused 
by  an  enormous  growth  of  Anabceruij  8ynedra  and  Zoospores^ 
together  with  many  other  organisms  in  smaller  numbers.  These 
changes  made  the  wat^r  in  the  estuary  turbid  and  green,  and  con- 
sequently unfit  for  drinking,  on  account  of  its  bad  taste,  odor  and 
appearance. 

It  will  be  seen  from  the  foregoing,  that,  in  flowing  from  the  out- 
let of  the  underdrain  to  the  lake,  the  nitrogen  compounds  are 
radically  transformed  by  organic  growths ;  and  it  seems  reasonable 
to  conclude  that  this  means  the  destruction  of  substances  undergoing 
decomposition  which  were  contained  in  the  water  of  the  under- 
drain. We  may,  therefore,  from  a  health  stand-point,  class  this  as 
an  instance  of  self-]purification  of  streams,  even  though  the  water 
is  temporarily  rendered  obnoxious  by  the  organisms  which  have 
effected  the  change. 
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Abbajona  river, 36 

Abington,  Satucket  river 496 

Abington  and  liockland : 

description  of  water  worlis 6 

analyses  of  water, 7 

temperature  of  water, 661 

references  to, 685,  746 

Accord  pond,  Hingham 148-160 

See  also  Hingham. 

Acuslinet  reservoir.  New  Bedford  water  works, 237-240 

See  also  New  Bedford, 
Adams : 

water  supply  of  South  Adams  fire  district, 7-8 

description  of  works, 7-8 

analyses  of  water, 8 

references  to, 683,  684 

Hoosac  river  at 422,  425 

Aeration,  references  to, 723,  724,  798,  799 

Agawam,  water  supply  of,      .        . 9,  703 

Air,  temperature  of, 669 

normal  monthly  temperature  of, 663 

Albuminoid  ammonia.    See  Ammonia^  Albuminoid, 
AuGtM : 

report  upon,  by  G.  H.  Parker,  biologist, 679-620 

effect  of,  on  chemical  analysis, 687 

growth  of,  in  open  reservoirs  supplied  from  ground  water  sources,  660, 780-784 
growth  of,  in  certain  ponds  and  storage  reservoirs,       .  .       770-773 

relation  of,  to  tastes  and  odors,  .  .  .  667-669,  583-687,  747,  748 
found  in  waters  of  Boston,  Charlestown  and  Cambridge,  .  .  687-697 
See  also  Organisms. 

Alkalinity  of  waters, 624 

Amesbury,  water  supply  of, 9-11 

Amethyst  brooft  storage  reservoir,  Pelham, 1 1-12,  684 

Amherst,  water  supply  of, 11-12,  684,  702 

Ammonia,  Albuminoid  : 

method  of  determination  of, 623-626 

Interpretation  of,  in  surface  waters, 646 

relation  of,  to  color, 667 
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Ammonia,  Albuminoid  —  Concluded. 

relation  of,  to  tastes  and  odors, 687,  747 

relation  of,  to  organic  nitrogen, 527,  549 

effect  of  storage  upon, 738-740 

permanence  of,  in  brown  waters, •        .        .      547 

amount  of,  added  to  streams  by  domestic  sewage,  ....      789 

amount  of,  per  inhabitant  in  sewage, 786-788 

in  unpolluted  waters, 686,  687 

in  rain-water, 663,  564 

in  Jamaica  pond  at  different  depths, 754-764 

Ammonia,  Fkek  : 

method  of  determination  of, 523-526 

interpretation  of,  in  surface  waters, 550-55*} 

effect  of  storage  on, 738-740 

seasonal  distribution  of, 551 

amount  of,  added  to  streams  by  domestic  sewage, 789 

amount  of,  per  inhabitant  in  sewage, 786-788 

in  unpolluted  waters, 687 

in  rain-water, 563,  564 

diagram  showing  average  of,  in  forty  ponds  and  reservoirs  for  two 

years, 655 

in  Jamaica  pond  at  different  depths, 754-765 

Anabsena,  growth  of,  in  ponds  and  reservoirs, •     .      770 

seasonal  distrU)ution  of, 597 

in  Jamaica  pond, 763,  764 

in  storage  reservoirs  at  Springfield,  Brockton  and  Leominster,     .        .      770 
Analysis,  Ciikmical: 

explanatory  note  on, 3-^ 

of  water  supplies   and   inland   waters,  arranged   alphabetically   by 

towns,     .      • 6-378 

of  rivers,  arranged  alphabetically  by  river  basins,  ....       379-516 

of  rain-water 562 

of  sewage, 538,  786-789 

of  normal  and  polluted  surface  waters, 540,  541 

description  of  bottles  used  in  collecting  samples  for,      .        .        .519,  520 

instructions  for  collecting  samples  for, 620,  521 

transportation  of  bottles  used  in  collecting  samples  for,        .        .        .      520 

relation  of,  to  the  bacteria  in  water, 575 

effect  of  sewage  on, 688-690 

effect  of  organic  matter  on, 686,  687 

method  of  determination 

of  free  ammonia, 523-526 

of  albuminoid  ammouia, 523-526 

of  organic  nitrogen, 626,  527 

of  nitrogen  as  nitrates, 528 

of  nitrogen  as  nitrites, ♦   .      627,  528 

of  chlorine, 528,  529 

of  turbidity, 532 

of  sediment, 532 

of  color, 531,  533 

of  odor, 531 
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Analysis,  Chemical  —  Concluded. 

method  of  determioation  of  residne  on  eTaporatlon,       .        .       529-531 

of  loss  on  ignition, 529-531 

of  hardness, 531 

Interpretation 

of  the  chemical  analysis  of  surface  waters,  .  .  539-669,  686-694 
of  the  chemical  analysis  of  ground  waters,  .  .  669-577,  702-707 
of  chlorine  In  water 542-545,  679-682,  706,  707 

Animals.    See  Organisms, 

Arlington : 

description  of  water  works, .        .        .  13-16 

analyses  of  water, 13-16 

references  to, 686,  699,  704,  705,  713,  714,  745,  777-779 

Middlesex  Aqueduct  Company, 16 

Spy  pond, 17 

Little  Spy  pond, 17 

Mystic  lake, 35-37,  59,  60 

Artesian  wells.    See  Wells. 

Ashbumham : 

water  supply  of, 17, 18,  702 

upper  Naukeag  pond, 19,  749 

Ashland,  reservoir  4,  Boston  water  works,    .....        80-32,  38-42 
See  also  Boston^  Cochituate  works, 

Ashley  lake,  Washington, 268,  269 

See  also  Pittsfteld, 

Ashley  pond,  Holyoke, 152-153,  166-157,  684,  745 

Ashley  reservoir, 268-270,  683 

See  also  PUtsfleld, 

Assabet  river, 410-414 

Assawompsett  pond,  Lakeville, 172,  226,  495,  496,  745 

Athol,  water  supply  of, 19-22,  684,  746 

Attleborough : 

water  supply  of  Attleborough  fire  district,      .        .        .    22-25,705,710,711 
Ten  Mile  river  at, 511,613,514 

Avon: 

proposed  water  supply  of, 25 

Salisbury  brook  reservoir,  Brockton  water  works,         ....  73-75 
See  also  Brockton, 

Axe  Factory  brook,  Ludlow, 297 

Ayer: 

water  supply  of, 25-27,  705,  708 

Sandy  pond, 28 

B. 

Bacteria : 

relation  of,  to  chemical  analysis, 535,  567 

in  ground  waters 574,  576,  781,  782 

in  streams, 557 

danger  of  using  contaminated  water, 537,  538 

typhoid  fever  at  Lawrence, 694 

destruction  of,  by  nitrification  and  filtration,  ....       709,  781,  782 
references  to, 534,  635,  553,  701,  702,  716 
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Jiarnstable,  Nine  Mile  pond, 28 

"  Basin,  The,"  Sterling,  Clinton  water  works,       ....        101-IOS,  684 

Bassett  brook  reservoir >  Adams, 7,  8,  683 

Beaver  brook.  Canton, 93 

Beaver  brook,  Dracnt, 115 

Beaver  brook,  East  Brldgewater, 497,  499.  600 

Beaver  Dam  brook,  Natlck,  Boston  water  works, 49^0 

Beaver  pond,  Franklin, 131, 133 

Beaver  pond,  Lincoln 87 

Belchertown,  Broad  brook, 297,  302 

Belchertown  reservoir,  Springfield  water  works, 297 

Belmont :  •^ 

water  supply  of, 28 

See  also  Watertown. 

Little  Spy  pond 17,  88 

Wellington  brook, 88 

Bell  pond,  Worcester, 372,  378 

Berkshire  Water  Company,  Lee, 184 

Berkshire  Heights  Water  Company,  Great  Barrlugton,         .        .        .        .141 

Berlin,  Gates  pond *  161,  162 

See  also  Hudson. 

Berlin,  Germany,  creuothrLz  In  wells, 780 

Beverly : 

description  of  water  works, 28,  29 

Wenhamlake, 286-287 

See  also  Salem, 

Big  Sandy  pond,  Pembroke, 6,  7 

See  also  Abington  and  Rockland. 

BlUerlca,  Shawsheen  river  in, 487-489 

Biological  and  chemical  examinations  of  water  supplies  and  other  inland 

waters, 1-378 

Biological  examination,  explanatory  note, 4,  5 

See  also  Microscopical  ExainhuUion. 

Biologist,  G.  H.  Parker,  report  of, 679-620 

Birch  pond,  Lynn, 201-208,  206,  206 

See  also  Lynn. 
Blackstone,  Blackstone  river : 

flow  of,  at  dam  of  Blackstone  Manufacturing  Company,        .        .      392,  666 
drainage  area,  etc.,  at  dam  of  Blackstone  ManuAicturlng  Company,      . '    384 

analyses  of  water  of,  at  Mlllvllle, 390,  391 

Blackstone  river : 

description  of  river  basin, 883-386 

drainage  areas  and  population  In  basin 384 

flow  of, 392,  656 

manufactures  In  basin,     .        . 885 

analyses  of  water  of 

at  Qulnslgamond  village,  Worcester, 387,  388 

at  Uxbrldge, 388-390 

atMlUviUe, 390,891 

pollution  and  self  puriflcation  of 790,  792,  793,  794-798 

Bleaching  of  water  in  reservoirs 786-738 
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Bodwell  gate  house,  Lowell, 194,197,198 

Boot  pond,  Plymouth, 271 

Boston  : 

description  of  water  works, 29-37 

analyses  of  water, 38-64 

flow  of  Sudbury  river, 655-658 

growth  of  sponge  in  water  of,         .        .        .        .        .        .        .614,  620 

heights  of  water  in  lakes  and  storage  reservoirs, 62 

organisms  found  in  water  of, 587-597 

temperature  of  water  In  reservoirs, 669 

analyses  of  water  from  a  faucet  In, 58,  59 

classiflcation  of  waters  of, 684-686 


CochUuate  Works. 

Reservoir  4,  on  Cold  Spring  brook,  Ashland : 

description  of , 80-32 

analyses  of  water, 38-42 

temperature  of  water  at  surface, 660,  661 

temperature  of  water  at  various  depths  In  summer  (table),     .        .      6C9 

effect  of  storage  In, 735 

references  to, 644,  554,  684,  746,  747,  765-767 

Reservoir  3,  on  Stony  brook,  Framlngham : 

description  of , 30-32 

analyses  of  water, 45-47 

temperature  of  water  at  surface, 660,661 

temperature  of  water  at  surface,  average  for  9  years,      .        .        .      663 
temperature  of  water  at  various  depths  in  summer  (table) ,     .        .      669 

effect  of  storage  in,    ... 735 

analyses  of  water  from  various  depths, 766 

references  to, 544,685,695,606,745 

Reservoir  2,  on  Sudbury  river,  Framlngham : 

description  of, 30,  31 

analyses  of  water, 42-44 

effectof  storage  in, 735 

references  to, 544,  685,  747,  766 

Reservoir  1,  on  Sudbury  river,  Framlngham : 
description  of, 30,  81 

Farm  pond : 

description  of 29,  30,  31 

analyses  of  water,      .        .        . 47-49 

references  to, 129,  714 

Beaver  Dam  brook,  analyses  of  water, 49,  50 

pollution  and  self  purification  of, 800-802 

Dudley  pond : 

description  of, 33 

analyses  of  water, 51 

reference  to, 544 

Dug  pond.     See  Natick. 
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Boston —  Continued. 

Lake  Cochitaate : 

description  of, 32-34 

analyses  of  water, 51,  52 

effect  of  storage  in, 735 

temperature  of  water  of,  at  varioos  depths, 767 

analyses  of  water  from  various  depths, 765 

references  to, 544,  686,  697,  698,  744 

Chestnut  Hill  reservoir : 

description  of 84 

analyses  of  water, 53,  54 

dally  rainfall  at, 630-654 

references  to, 617,  685,  721,  722 

Brookllne  reservoir : 

description  of, 34 

analyses  of  water, 54,  65 

temperature  of,  at  surface, 660 

temperature  of,  at  surface,  average  for  ten  years,   ....      663 
diagram  showing  temperature  of  water  in  reservoir  and  as  delivered 
to  consumers, 674 

Fisher  Hill  reservoir : 

description  of, 35 

analyses  of  water, 66 

effect  of  storage  in, 721,722 

Parker  Hill  reservoir : 

description  of, 35 

analyses  of  water, 57 

effect  of  storage  in, 737,  738 

Mystic  Works. 

Mystic  lake : 

description  of , 36-37 

analyses  of  water, 59,  60 

temperature  at  various  depths  in  summer, 766 

analyses  at  various  depths  in  summer, 766 

references  to, 644,  661,  662,  686,  701,  744 

College  Hill  reservoir : 

description  of, 87 

analyses  of  water,      .        .        .  * 60,  61 

effect  of  storage  In, 728-725 


Jamaica  Pond  Supply. 
Jamaica  pond  : 

description  of, 37 

analyses  of  water, 63,  64 

special  Investigation  of, 664-670,  749-w64 

diagram  showing  contours  of  bottom, 665 

analyses  of  water  at  various  depths, 766-759 

temperature  at  surface, 661 

temperature  at  various  depths 664-669 
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Boston  —  Concluded. 

Jamaica  Pond  —  Concluded, 
diagrams  showing  temperature,  at  varioas  depths,   .    666,  670,  facing  762 
diagram  showing  total  and  suspended  albuminoid  ammonia  in,       .      769 

,  references  to, 686, 699,  744 

Boston,  Stony  brook  in : 

description  of  basin,  drainage  areas,  population,  etc.,    ....      490 
analyses  of  water  of : 

at  Mount  Hope, 491 

at  Forest  Hills, 492 

atRoxbury, 492 

Boston  main  drainage,  diagram  showing  comparative  temperatures  of 

water  and  sewage, 676 

Bottles  used  for  collection  of  samples  of  water  for  analysis,        .        .       619,  520 
Bowenvllle,  Fall  River,  drainage  area  of  Taunton  river  at,  .        .  .      497 

Braintree : 

description  of  water  works, 64 

analyses  of  water, 64-^6 

references  to 706,  710,  729,  730 

Great  pond, 279,  280 

Little  pond, 64-66 

Town  brook  storage  reservoir,  Quincy  Water  Company,        .  276-278 

Bray  brook  storage  reservoir,  Holyoke, 153 

BrajrtonviUe,  North  Adams,  Hoosac  river  at,  drainage  area,  etc.,         .        .      422 

Breed's  pond,  Lynn, 201-205 

See  also  Lynn- 

Brewster,  Long  pond, 66 

Bridge  water : 

description  of  water  works, 67 

analyses  of  water, 67,  68 

temperature  of  water  in  wells, 673 

references  to, 705,  708 

Taunton  river  at, 69-72,  496,  606-609 

Town  river  at, 68,  69,  496,  497,  601,  602 

Bridgewater  state  farm : 

description  of  water  works, 69 

analyses  of  water, 69-72 

Broad  brook,  Ludlow, 297,  302 

Broad  brook,  Pownal,  Vt., 249,261 

Brockton : 

description  of  water  works, 73 

analyses  of  water, 74-78,  498 

Salisbury  brook  storage  reservoir : 

analyses  of  water  of ,    .        . 74,  75 

effect  of  storage  on  water  of, 736-737,  739,  746 

special  characteristics  of, 767-773 

references  to, 684, 746 

Factory  pond, 78 

Salisbury  Plain  river, 496-498 

Brookfleld,  water  supply  of, 78,  79 

Brookline : 

description  of  water  works 79,  80 

Digitized  by  LjOOQ IC 


812  INDEX. 

Page 

firookl  Ine  —  Co  ncluded . 

analyses  of  water, 81-86,898,399 

distributing  reservoir,  references  to,       .        .        .        .         725-728,  733-734 

fliter-gallery, 705,  708,  725-729 

tank 728,729 

Charles  river, 894, 398-399 

Brookllne  reservoir,  Boston  water  works.    See  BontoUj  CochiUuite  Works, 

Brooks.     See  Streams. 

Brown's  pond,  Peabody, 265,  266 

See  also  Peabody, 

Buckman  brook  storage  reservoir,  Athol, 19,  20 

Buckmaster  pond,  Dedham,  Norwood  water  works,      ....       260,  2G1 
See  also  Norwood. 

Buttery  brook,  South  Hadley, 294,  295 


Calumet  Woolen  Company,  Uxbrldge,  Blackstone  river,       .        .        .'       884-392 

Cambridge,  description  of  water  works, 86-88 

analyses  of  water, 89-91 

heights  of  water  In  pond  and  reservoir, 92 

organisms  found  In  water  supply  of, 587-597 

Fresh  pond,  references  to, 86-88,90,91,660,744 

Stony  brook,  references  to, 86-^8,  89,  90,  747 

Canton : 

water  supply  of, 93 

■  Beaver  brook, 93 

York  pond 93,  94 

Cate  springs,  Mansfield, 217 

Cement  Aqueduct  Company,  West  Brookfleld 352 

Center  brook,  Richmond, 285 

Center  street  drain,  Brockton, '78 

Certificate  accompanying  samples  of  water  collected  for  analysis,  .521 

Chapln*8  pond,  Ludlow, 201 

Charles  river : 

description  of  river  basin, 393-896 

drainage  areas  and  population  In  basin, 394 

flow  of, 405,  656 

diversion  of  water  from, 893 

manufactures  in  basin, 395, 396 

analyses  of  water  of : 

atMilford, 896 

at  South  Natlck, 397,  898 

at  West  Roxbury, .       398.399 

at  Newton  Upper  FallSj 400,401 

at  Waltham, 401,  402 

at  Watertown, 403, 404 

Charlestown.    See  Boston,  Mystic  Works. 

Chaubunagungamaug  lake,  Webster, 340-342,  684,  745 

Chauncy  pond,  Westborough, 351,661,745 
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Chelsea,  description  of  water  works, 94 

See  also  Boston,  Mystic  Works, 
Chemical  examination  of  waters  and  interpretation  of  analyses,  .        .       517-578 
Chemical  analysis.    See  AnalysiSy  Chemical, 

Chemist,  T.  M.  Drown.    The  chemical  examination  of  waters  and  the  inter- 
pretation of  analyses,     517-578 

discussion  of  special  topics  relating  to  the  quality  of  public  water 

supplies, 717-781 

Cheshire,  description  of  water  works, 91 

analyses  of  water, 95 

reference  to, 703 

Cheshire  reservoir  at  head  of  Hoosac  river, 421,424 

Chestnut  Hill  reservoir,  Boston,     .        .         84,  53,  54,  617,  630-654,  685,  721,  722 

See  also  Boston,  Cochituate  Works. 
Chicopee : 

Chlcopee  central  flre  district, 

description  of  water  works, 95-96 

analyses  of  water, 96-98 

Dingle  brook  storage  reservoir,  references  to,    .        .        .        .       686,  746 

Sand  Bank  pond,  references  to, 06,  98,  708 

Chicopee  Falls  flre  district, 

description  of  water  works, 99 

analyses  of  water, 99-101 

references  to, 685,  705,  708 

Chicopee  river  at, 407,  409-410,  685 

Chicopee  river : 

description  of  river  basin, 406-408 

drainage  areas  and  population  in  basin, .        .      407 

manufactures  in  basin, 407 

analyses  of : 

at  Chicopee  Falls, 99-100,  409-410 

at  Ludlow, 408 

flow  of ,  at  Ludlow, 410,656 

reference  to, 685 

Chlorine  : 

method  of  determination  of, 528,  529 

interpretation  of,  In  water, 642-645,  679-682,  706,  707 

amount  of,  in  normal  waters  In  difibrent  parts  of  Massachusetts, 

642,  543,  679-682 

map  of  Massachusetts  showing  normal  chlorine facing  680 

in  surface  water  supplies, 682-702 

in  ground  water  supplies, 702-708 

In  rain  water, 662 

In  sewage, 680,  786-789 

relation  of,  to  population  and  manufactures  on  a  watershed,        .        .      680 
Circulation  of  water : 

In  ponds  and  storage  reservoirs,      ....         553,661-670,749-765 

in  distributing  reservoirs, 733,  734 

Cisterns,  storage  of  rain  water  In, 563,  564 

Cities  and  towns,  number  of  public  water  supplies  in,        .        .        .       626-627 
ownership  of  water  works  in, • .      628 
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Clapp's  pond,  Provlncetown, 274 

Clarksburg,  Hudson  brook, 426 

reservoir, .      421 

Classification  of  drinking  waters, G78-716 

groundwaters, 702-716 

surface  waters, 682-702 

Clathrocystis,  growth  of,  in  ponds  and  reservoirs, 770 

Clinton,  description  of  water  works, 101,  102 

analyses  of  water 102-104 

**tlie  basin,"  Sterling, 104,684 

Heywood's  pond,  Sterling, 104 

Coachlace  brook, 468,  469,  479,  790 

Nashua  river  at, 468,  477,  478 

Cochltuate  lake,  Wayland, 82-34,  61,  62,  735,  765,  767 

Cochituate  village,  Wayland,  water  supply  of, 837-340 

See  also  Wayland, 
Cochltuate  works.    See  Boston^  Cochituate  Works. 

Codding  brook  storage  reservoir,  Lee, 184 

CoBlosphserlum,  growth  of,  In  ponds  and  reservoirs, 770 

Cohasset,  description  of  water  works, 104,  105 

analyses  of  water, 106,  106 

efifect  of  storage  of  water  In  distributing  reservoir,        .        .        .       725-728 

temperature  of  water  In  wells, 672 

brook  near  wells,  analysis  of, 107 

reference  to, 715 

Colburn's  spring,  Needham,  analysis  of, 237 

Cold  Harbor  brook  reservoir,  Shrewsbury,  Northborough  water  works,      .      258 

Coleman's  brook,  Norwood, 260 

Collection  of  samples  of  water  for  analysis, 619-621 

College  Hill  reservoir,  Medford, 37,60,61,723-725 

See  also  Boston,  Mystic  Works, 
Color : 

method  of  determination  of, 531,632 

of  surface  waters,  interpretation  of, 666,  567 

relation  of,  to  albuminoid  ammonia, 667 

significance  of  numbers  expressing, 4 

effect  of  swamps  on, 686 

in  unpolluted  waters, 687 

efibct' of  storage  upon, 735-738 

relation  of,  to  occurrence  of  trouble  in  reservoirs,         .        .        .       742-744 

Concord,  description  of  water  works, 108 

analyses  of  water 108 

reference  to, 683 

Warner's  pond, 110 

Concord  reformatory,  description  of  water  works, 109 

analyses  of  water, 109,  110 

references  to, 705,  712 

Concord  river : 

description  of  river  basin, 410-412 

analyses  of  water  of , 412-415 
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Concord  river  —  Concluded. 

drainage  areas  and  population  in  basin, 411 

mannfactures  in  basin, 411,412 

Conuecticnt  river : 

description  of  river  basin, 415,416 

drainage  areas  and  population  in  basin, 416 

analyses  of  water  of : 

at  Turner's  Falls, 417,  418 

atHolyoke, 418 

at  Springfleid, 418,419 

Contamination.    See  Pollution. 

Covell  Aqueduct  Company,  Shelbume, 291 

Crenothrix,  growth  of ,  in  water  supplies,      ....         612-614,779-781 

in  water  supply  of  Berlin,  Germany, 780 

in  water  supply  of  Rotterdam, 780 

in  filter-galleries  at  Arlington,  Wayland  and  Whitman,  .        .        .       779-781 

in  Jamaica  pond, 763,  764 

in  underdrain  of  Eramingham  sewerage  system,     ....       800-802 

distribution  of,  in  waters  variously  situated, 606 

Crockerville,  Fitchburg,  Flag  brook  at, 473,  474 

Whitman's  river  at, 473,  474 

Crystal  brook,  Saugus, 281,289 

Crystal  lake,  Gardner 134,  135,  685,  721,  722,  745 

Crystal  lake,  Haverhill, 144,  145,  683,  745 

Crystal  lake  or  Smith  pond,  Wakefield, 822,  323,  685,  745 

D. 

Daily  rainfall  at  ten  places  in  Massachusetts, 630-654 

Dalton,  water  supply  of  Dalton  fire  district, 110,  111,  683 

Danvers,  description  of  water  works, Ill 

analyses  of  water, 112-114 

Middleton  pond 111-113,  661,  684,  721,  722,  745 

Swan's  pond, Ill 

Putnam's  pond, 114 

Darby  brook.  West  Springfleid, 355 

Date  of  introduction  of  water  supplies  into  cities  and  towns,  628 

Day's  upper  pond,  Gloucester, 138 

Day's  lower  pond,  Gloucester, 139 

Dedham,  description  of  water  works, 114 

analyses  of  water, 114,115 

algae  In  well, 611,612 

temperature  of  water  In  well, 672 

references  to, 705,  710 

Charles  river  at, 85-86 

Mother  brook  at, 405,  656 

Buckmaster  pond, 260,  261 

See  also  Norwood. 

Deep  ponds,  special  Investigation  of, 749-767 

Deerfleld,  daily  rainfall  at, 630-654 
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Deerfleld  river, 420 

Depth,  effect  of,  on  character  of  water  In  ponds  and  reservoirs,  653,  554,  740-767 

on  temperature  of  water  in  lakes  and  ponds, 664-670 

Determination : 

of  ammonia  by  nesslerlzation ;  effect  of  temperatnre  on,        .        .        .526 

of  chlorine, 628,529 

of  color, 631,582 

of  free  and  albaminold  ammonia, 623-526 

of  hardness, 531 

of  loss  on  ignition, 529-531 

of  nitrogen  as  nitrates,     .        . 528 

of  nitrogen  as  nitrites, 627,  528 

of  odor, 531 

of  organic  nitrogen, 526,  527 

description  of  Kjeldahl  process, 626 

of  residue  on  evaporation, 529^31 

of  sediment, 532 

of  turbidity, 532 

Diagrams,  list  of: 

Hoosac  river,  showing  results  of  chemical  examinations,  .  .  .423 
Housatonic  river,  showing  results  of  chemical  examinations,  .  .431 
Nashua  river,  showing  results  of  chemical  examinations,  .  .  .472 
average  free  ammonia  in  forty  ponds  and  reservoirs  for  two  years,       .      555 

flow  of  rivers,  .        .        .  ^ 657 

normal  temperature  of  air  and  water, 663 

Jamaica  pond,  showing  contours  of  bottom, 665 

temperature  of  Jamaica  pond  at  various  depths, 666 

comparative  temperature  of  surface  water  In  a  reservoir  and  as  deliv- 
ered to  consumers, 674 

comparative  temperature  of  water  and  sewage, 676 

amount  of  albuminoid  ammonia  and  nitrates  In  the  Hyde  Park  dis- 
tributing reservoir 732 

various  forms  of  nitrogen  in  Jamaica  pond  at  different  seasons  of  the 

year, 760 

variation  of  nitrogen  compounds  In  Jamaica  pond,        .        .        .   facing  762 

organisms  in  Jamaica  pond, 763 

total  and  suspended  albuminoid  ammonia  at  Brockton,  Leominster, 

Springfield  and  Jamaica  pond, 769 

Dlbden,  W.  J.    Analyses  of  London  sewage, 786 

Dikes  brook  storage  reser^'^olr,  Gloucester, 136-138 

See  also  Gloucester, 

Dingle  brook  storage  reservoir,  Chlcopee,     .     ^ 96-97 

See  also  Chicopee. 

Dlnobryon  In  Jamaica  pond, 764 

Discussion  of  special  topics  relating  to  quality  of  public  water  supplies,     718-781 
Disease : 

germs  of.    See  Bacteria, 

relation  of  chemical  composition  and  organic  Impurities  In  water  to, 

536-638,  716 

effect  of  use  of  swamp  waters, 54S 

of  rain  water, 663,  564 
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Disease  —  Concluded. 

effect  of  use  of  hard  water, 565 

of  polluted  waters, 674,  576 

See  also  Healthfulness, 
Dissolved  solids,  amount  of,  added  to  streams  by  domestic  sewage,    .        .      789 

amount  of,  per  Inhabitant  in  sewage, 787,  788 

Distances  on  rivers,  tables  of : 

Blackstone, 884 

Charles, 394 

Chicopee, 407 

Concord, 411 

Hoosac, :      .        .        .      422 

Housatonic, 429 

Ipswich, 439 

Merrimack, 442 

MUler's, 464 

Nashua, 468 

Shawsheen, 487 

Taunton, 497 

Ten  Mile, 611 

Westfleld, 616 

Distributing  reservoirs.    See  EeservoirSj  Distributing, 
Distribution : 

of  rainfall  in  Massachusetts, 630-654 

of  organisms,  seasonal, 597-GOO 

of  organisms  in  waters  variously  situated,      .        .        .        .  601-608 

Doleful  pond,  Stoneham, 212 

Dracut,  Beaver  brook, .'       .        .        .115 

Drainage  areas,  explanatory  notes  relating  to, 3,381 

Drinking  waters,  classification  of , 678-716 

Drown,  T.  M. ,  chemist : 

the  chemical  examination  of  waters  and  the  interpretation  of  analyses,  5 17-578 
discussion  of  special  topics  relating  to  the  quality  of  public  water  sup- 
plies,               717-782 

Dry.  brook  storage  reservoir,  Adams, 684 

Dudley  pond,  Wayland,  Boston  water  works, 33,  51,  544 

Dug  pond,  Natlck, 234-236 

See  also  Natick, 

E. 

East  Bridgewater. water  supply  of.    See  also  Bridgewater,   ...  67,  68 

Beaver  brook 497,  499,  500 

Matfleld  river, 497 

Meadow  brook, 497,  500 

Salisbury  Plain  river, 499 

Satucket  river, 497,  501 

East  Dedham,  Mother  brook,  flow  of , 656 

Eastham : 

Great  pond 116 

Herring  pond, IIG 
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Easthampton,  description  of  water  works, 116 

analyses  of  water, 117,118 

WlUUton  pond, 116-118,685,746 

Easton: 

water  supply  of  North  Easton  Tillage  district,         .  118,  119,  705,  708 

Queset  river, 118 

East  Taunton,  Taunton  river, 497 

£aton*s  meadows,  Maiden,  water  supply  from,  211,  212,  215,  216,  776,  777 

Egypt  brook,  Dalton llQ-111,  683 

Elder's  pond,  Lakeville, 173,  495,  496 

Ell  pond,  Melrose, 223 

Engineer,  F.  P.  Steal*ns : 

summary  of  water  supply  statistics ;  also  records  of  rainfall,  flow  of 

streams,  and  temperature  of  air  and  water,  ....        621-676 
discussion  of  special  topics  relating  to  the  quality  of  public  water 

supplies, 717-782 

the  pollution  and  self  purification  of  streams,         ....        783-802 

Everett,  water  supply  of, 1 19,  544 

See  also  Boston^  Mystic  Works. 
Examinations : 

chemical  and  biological,  of  water  supplies  and  rivers,    ....  1-516 
See  also  AnabjsiSf  Chemical^  and  Microscopical  Examinations, 
Explanatory  notes, 3-5,  381 


F. 

Factory  pond,  Brockton,  analyses  of  water, 78 

Fall  River,  description  of  water  works, 120 

analyses  of  water, 121,122 

Watuppalake, 120-122,684.745 

Quequechan  river, 120 

Taunton  river,  Bowenville, 497 

Falulah  reservoir,  Fitchburg, 122,  123,  126-128 

See  also  Fitchburg, 

Farm  pond,  Framingham, 29-31,  47-49 

See  also  Boston,  Cochituate  Works. 

Fitchburg,  description  of  water  works, 122,  123 

analyses  of  water, 124-128 

heights  of  water  in  reservoirs, 128 

Falulah  reservoir, 122,123,126-128,684 

Overlook  reservoir, 122,  123,  125,  126,  128,  684,  746 

Scott  reservoir, 122-126,  128,  684 

Marshall  reservoir, 123 

Nashua  river, 468,  474 

Nookagee  river, 474 

Shattuck  brook, 123 

daily  rainfall  at, 630-654 

Filter-bank,  Taunton, ,     .      314 
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Filtkr-Basins  : 

number  of,  used  as  sources  of  public  water  supply,       ....      627 

temperature  of  water  In, 671-673 

See  also  Ground  Waters, 

at  Amosbury, 10 

.  at  Newton, 243-245,  702 

at  Taunton, 314-316,  706,  713,  714 

at  Waltham 824,  326,  706,  708 

Filter-bed,  Lowell,  .        .' 192-194 

Filter-dam,  Leominster 187,  188 

Filter-Galleries  : 

number  of,  used  as  sources  of  public  water  supply,        .        .        .        .627 

temperature  of  water  in, 671-673 

organisms  in, 603-608 

See  also  Ground  Waters. 

TbA  following  it  a  list  of  the  fllter-galleries  referred  to  In  this  volume.    Thry  are 
roore  completely  Indexed  by  towns. 

Arlington 13-14 

Attleborough, 22,  23 

Braintree, 64-66 

Brookline 79-82 

Framlngham, 129,  130 

Grafton, 189,  140 

Kingston, 168,  169 

Lawrence, 173,  174 

Lowell, 192-194 

Taunton 314 

Tisbury, 320 

Watertown, 333-335 

Wayland, 837-339 

Wellesley, 343-344 

Whitman, 358-360 

Wobum, 366-368 

Filtration : 

natural,  of  waters, 773-781 

at  Lawrence,  references  to, 674,  707 

purification  of  water  by, 706-718 

imperfect,  relation  of,  to  crenothrix,       ....         612-614,  779-781 

Fire  Districts: 

Attleborough, 22-25 

Chicopee  central, 95-98 

Chicopee  Falls, 99-101 

Dalton, 110,  HI 

Great  Barrington, ;        .       140,141 

Greenfield, 142,  143 

Hinsdale, * 162 

Mansfield  water  supply  district, 217 

Middleborough, 223-227 

North  Adams, 249-261 

North  Attleborough, 264-267 

North  Easton  village  district, 118,119 
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Fire  Districts  —  Concluded. 

Palmer •    264,  266 

Plttsfleld, 268-270 

South  Adams, 7,  8 

South  Hadley  FaUs, 294,  296 

Turner's  Falls,  Montague 230-232 

Fisher  Hill  reservoir,  Boston  water  works, 35,  66 

See  also  Boston t  Cochituate  Works. 

Fixed  residue.     See  Residvte  of  evaporation. 

Flag  brook.  Crockerville,  Fitchburg, 473, 474 

Flax  pond,  Lynn, 209,  210 

Flow  of  streams, 656-658 

Blackstone  river, 892 

Charles  river, 406 

Chlcopee  river, 410 

Housatonic  river, 430 

Merrimack  river, 183,  462,  666-658 

Miller's  river, 467 

Mother  brook, 406 

Nashua  river, 482 

Nemasket  river, 495 

Neponset  river, 487 

Sudbury  river, 666-658 

Taunton  river, 495 

Forest  lake  (or  Middle  ton  pond),  Dan  vers  water  works,      .  .       111-113 

See  also  Danvers. 

Forge  pond,  Freetown, 133 

Foundry  brook,  Norwood, 260 

Framingham,  description  of  water  works 129 

analyses  of  water, 129,  130 

temperature  of  water, 672,  673 

references  to,    .        .       • 706,  713,  714 

Farm  pond, 29-31,  129 

Gleason*s  pond, 131 

Learned*s  pond, 131 

X.ake  Cochituate, 32-^4,51,52 

Sudbury  river, 29-48,411,665-658 

Crenothrix  in  underdrain, 800-80S 

daily  rainfall  at, 630-664 

See  also  Boston,  Cochituate  Works. 

Franklin,  description  of  water  works, 131,138 

analyses  of  water, 132,  133 

references  to, 705,  710 

Beaver  pond, 131,  133 

Mine  brook, 131,133 

Freetown,  Forge  pond,   .        .        .        .      ^ 183 

Long  pond, 495 

Fresh  pond,  Cambridge, 86-88,  90-02 

See  also  Cambridge. 

Fulling  mill  pond,  Hingham, 148,149,151 

See  also  Hingham. 
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Gardner,  description  of  water  works, 134 

analyses  of  water, 134,  136 

Crystal  lake, 134,  135,  685,  721,  722.  745 

Otter  river 464 

Gates  pond,  Berlin, 161,  162 

See  also  Hudson, 

GilbertvlUe,  dally  rainfall  at, 630-664 

GUI,  water  supply  of, 136 

Heal-all  spring, ^     .        .      136 

Kevins'  brook, 136 

Gleason's  pond,  Framlngham, 181 

Glen  brook  storage  reservoir,  Greenfield, 142,  14^ 

See  also  Greenfield, 

Glen  Lewis  pond,  Lynn, 201,  203 

Gloucester,  description  of  water  works, 186,  137 

analyses  of  water, 187-139 

Dikes*  brook  storage  reservoir 136-138,  683,  746 

Day's  upper  pond, 138 

Day's  lower  pond, 139 

Wallace  pond, 136 

Webster's  pond, 139 

Grafton,  water  supply  of, 139,  140,  705,  710 

Great  Barrington,  description  of  water  works, 140,  141 

analyses  of  water, 141,  142 

reference  to, 684 

Green  river 141,142 

Housatonic  river  at, 429,431,437,438 

Long  lake, 141 

Mansfield  lake 141,  142 

Great  pond,  Eastham, 116 

Great  pond.  North  Andover, 263 

Great  pond,  Randolph  and  Braintree, 279,  280,  685,  744 

Great  pond,  Weymouth, 357,  685,  745 

Great  South  pond,  Plymouth, 271,  272,  683,  745 

Great  Quittacas  pond,  Lakeville, 495,  496 

Green  pond,  Montague, 232 

Green  river,  Great  Barrington, 141,  142 

Greenfield,  water  supply  of  Greenfield  fire  district : 

description  of  water  works, 142,  143 

analyses  of  water, 143 

Glen  brook  storage  reservoir, 142,  143,  684,  747 

Grless,  method  of  determination  of  nitrogen  as  nitrites,      .        .        .       527,  528 
Ground  Waters  : 

chemists'  report  on  Interpretation  of  analyses  of ,  .        .        .        .       669-578 

bacteria  in, 575,576,781,782 

organisms  in, 603-608 

table  of  temperatures  of,  at  16  places  in  Massachusetts,         .  671-673 

number  of  ground  water  sources  of  water  supply  In  Massachusetts,     .      627 
classification  of, 702-716 
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effect  of  storage  in  open  distributing  reservoirs,     .         660,  725-728,  730-734 

effect  of  storage  in  open  tanks, 729,  730 

effect  of  storage  in  covered  reservoirs  and  tanks,    ....       728,729 
effect  of  storage,  special  experiment  at  Hyde  Park,        .        .        .       730r734 

temperature  of,  in  tanks  and  open  reservoirs, 675 

effect  of  sewage  contamination  upon, 539 

See  also  Water,  Wells,  Springs,  Filter-galleries  and  FUter-hasins. 


H. 

Hagar  pond  or  Mohawk  Lake,  Stockbridge, 307 

Halifax,  Wlnetuxet  river, 497,  502 

Hammond's  pond,  Newton, 249 

Hardness : 

method  of  determination  of, 531 

InterpreUtion  of, 564-^66 

Haverhill,  description  of  water  works, 144 

analyses  of  water, 145-148 

Crystal  lake, 144,  145,  683,  745 

Kenozalake, 144-146,685,745 

Lake  Pentucket  or  Round  pond, 144,  147,  685,  744 

Lake  Saltonstall  or  Plug  pond,         .  .  144,  147,  148,  686,  698,  744 

Merrimack  river  at, 442,  444-446,  459-461 

Hawkes  brook,  Lynn, 201-203,  206,  207 

Haynes  reservoir,  Leominster, 187-189 

See  also  Leominster, 

Heal-all  spring-,  GUI, 136 

Uealthfulness : 

of  water 635-538,545-649,716 

relation  of  organic  matter  in  water  to, 546-550,  716 

effect  of  use  of  swamp  waters, 548 

of  rain-water, 563, 564 

of  hard  water, 565 

of  polluted  waters, 574,  675 

Heights  of  Water: 

Boston  water  works,  lakes  and  storage  reservoirs 62 

Cambridge  water  works,  pond  and  reservoir 92 

Fitchburg  water  works,  reservoirs, 128 

Lynn  water  works,  Birch  and  Breed's  ponds, 209 

Maiden  water  works,  Spot  pond 215 

Natick  water  works,  Dug  pond, 236 

Salem  water  works,  Wenham  lake, 287 

Springfield  water  works,  Ludlow  reservoir, 300 

Webster  water  works,  lake  Chaubunagungamaug,         ....      342 

Woburn,  Horn  pond, 371 

Worcester  water  works,  reservoirs, .        .      378 

Herring  pond,  Eastham, 116 

Hey  wood's  brook,  Sterling, 102,  104 

Hick's  spring,  Needham, 237 
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Higher  brook,  Ludlow, ....       297,  302 

Hill  Water  Company,  Stockbridge, 306 

Hlngham,  description  of  water  works, 148-149 

analyses  of  water, 149-151 

Accord  pond, 148-150,  661,  686,  745 

Fulling  mill  pond, 148,  149,  161,  6S5,  697,  746 

Hinsdale,  water  supply  of  Hinsdale  fire  district, 152 

Housatonic  river  at, 433 

Hobart's  pond.  Whitman, 359-361 

See  also  Whitman. 

Holbrook,  water  supply  of, 278-280 

See  also  Randolph. 

Holden  reservoir,  Worcester  water  works,     ....        371,372,376,376 
See  also  Worcester. 

Holden,  Tatnuck  brook, 371,  372 

See  also  Worcester. 

Holyoke,  description  of  water  works, 152,153 

analyses  of  water, 154-158 

Ashley  and  Wright  ponds 152,  153,  156,  157,  684,  744 

Bray  brook  storage  reservoir, 153 

Tannery  brook, 153,  154 

Whiting  Street  brook, 163,  155,  156,  684 

Connecticut  river  at, 418 

Hoosac  river : 

description  of  river  basin, 420-424 

drainage  areas  and  population  in  basin, 421,  422 

manufactures  in  basin, 422 

map  of,  showing  analyses  at  various  points, 423 

reference  to, 661,  662 

analyses  of  water  of : 

at  Adams, 425 

at  North  Adams, 425,  426 

at  Williamstown, 427,  428 

Hopedale,  water  supply  of,     .  .        .        ;        .  .       227-229 

See  also  Milfvrd. 

Hopkinton,  water  supply  of, 158-160,  705,  710 

Horn  pond,  Woburn, 366,  367,  869-371 

See  also  Wohurn. 

Hospital,  insane,  Westborough,  water  supply  of, 349-351 

Housatonic  river : 

description  of  river  basin,  , 428-432 

drainage  areas  and  population  in  basin, 429 

flow  of,  at  Pittsfleld 430 

manufactures  in  basin, 430 

map  of ,  showing  analyses  at  various  points, 431 

references  to, 561,  562 

analyses  of  water  of : 

at  Hinsdale, 433 

atPittsfield, 433-436 

at  Lenox, 436,  437 

at  Great  Barrington, 437,  438 
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Housatonic  village,  water  supply  of , HI 

Housatonic  Water  Company, 141 

Hadson,  description  of  water  works, 167 

analyses  of  water, 161,  162 

Gates  pond 161,  162,  684,  745 

Whit«pond, 221 

Hudson  brook,  Clarksburg, 426 

Hull,  water  supply  of.     See  Hingham. 

Hunt  distributing  reservoir,  Worcester, 372,  374,  875 

See  also  Worcester, 

Hyde  Park,  description  of  water  works, 163 

analyses  of  water, 163-167 

temperature  of  water, 678 

experiment  on  storage  of  ground  water, 730-784 

references  to, 560,  705,  710,  725-728 

Neponset  river  at, 166,167,485,486 

Sprague  pond, 167 

I. 

Ignition,  loss  on.     See  Ia)88  on  ignition. 

Inland  waters,  examination  of  water  supplies  and, 1-516 

Insane  hospital,  Westborough,  water  supply  of, 349-351 

Instructions  for  collecting  a  sample  of  water  for  analysis,   .        .        .       520,  521 

Interpretation  of  chemical  analyses.     See  Analysis^  chemical. 

Introduction  of  water  supply  Into  cities  and  towns,  date  of,        .        .        .      628 

Ipswich  river, 438-440 

Iron,  relation  of,  to  crenothrlx, 779-781 

Isochlors,  description  of, 679 

map  showing, facing  680 

J. 

Jamaica  pond,  Boston:  • 

description  of, 37 

analyses  of  water, 63,  64 

special  investigation  of, 664-670,  749-764 

diagram  showing  contours  of  bottom,     .        .      ^ 665 

analyses  of  water  from  various  depths, 756-759 

temperature  at  surface, 661 

temperature  at  various  depths, 664-669 

diagrams  showing  temperature  at  various  depths,  .  666,  670,  facing  762 
diagram  showing  total  and  suspended  albuminoid  ammonia  In,  .  .  769 
references  to, 686,  699,  744 

Jones  river,  Kingston, 171 

K. 

Kenoza  lake,  Haverhill, 144-146 

See  also  Haverhill. 
Kettle  brook,  Paxton, 185 
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Kingston,  description  of  water  works, 1G8 

analyses  of  water 168-171 

references  to, 705,  708,  726-729 

Jones  river, 171 

Kingston  aqueduct  company, 168,  171 

KJeldahl  nitrogen  process,  description  of, 526 


L. 

Lakes  :  See  also  Fonds  and  Surface  Waters. 

The  following  Is  a  llBt  of  all  the  lakes  referred  to  in  this  volume.    They  are  more 
completely  Indexed  by  towns. 

Ashley,  Washington,  Pittsfleld  water  works, 268,  269 

Chaubunagungamaug,  Webster, 840-342 

Cochituate,  Boston  water  works, 82-84 

Crystal  or  Smith  pond,  Gardner, '    .        .       822,  823 

Crystal,  Haverhill 144,  145 

Crystal,  Wakefield 146 

Kenoza,  Haverhill, 144-146 

Long,  Great  Barrington, 141 

Mahkeenac,  or  Stockbridge  Bowl,  Stockbridge, 808 

Mansfield,  Great  Barrington, 141,  142 

Mohawk,  or  Hagar  pond,  Stockbridge, 307 

Mystic,  upper,  Boston  water  works, 35,  36,  69,  60 

Mystic,  lower,  Medford, 222 

OnoU,  Pittsfleld, 270, 434 

Pentucket,  or  Round  pond,  Haverhill, 144,  147 

Pleasant,  Montague, 230-232 

Pontoosuc,  Pittsfleld, 270, 434 

Quannapowitt,  Wakefield, 323 

Saltonstall,  or  Plug  pond,  Haverhill, 144,  147,  148 

Silver,  Pittsfleld, 271 

Suntaug,  Lynnfield, 211 

Waban,  WeUesley, 669,  766 

Watuppa,  Fall  River, 121,  122 

Wenham,  Salem  and  Beverly  water  works, 286-287 

Williams,  Marlborough 218-220 

Winnipiseogee,  Lake  Village,  N.  H.,       .        .  442,  443,  444-446,  447,  448,  745 

Lake  Village,  N.  H.,  lake  Winnipiseogee,       .        .  442,  443,  444-446,  447,  448,  745 

Lakeville,  Assawompsett  pond, 172,  226,  495,  496,  745 

Elder's  pond, 173.495,496 

Long  pond, 495, 496 

Great  Quittacas  pond, 495,  496 

Little  Quittacas  pond, 172,  173,  238,  684,  746 

Lancaster,  water  supply  of.    See  also  Clinton, 101-104 

Nashua  river  at, 476,  479,  480 

Lawrence,  description  of  water  works, 173-176 

analyses  of  water, 176-183 

references  to, 686,  692-694,  723-726,  793,  798-800 

Merrimack  river  at,  description  of , 173,174,440-447 

analyses  of  water, 175-177, 447-461 
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Merrimack  river  at,  comparison  of  water  of,  at  different  points,  .       444-446 

flow  of, 183,  462,  656-658 

Shawsheen  river  at, 487 

dally  rainfaU  at, 630-654 

analyses  of  sewage  at, •      .      787 

Learned*s  pond,  Framingham, 131 

Lee,  description  of  water  works, 184 

analyses  of  water 184,  185 

Codding  brook  storage  reservoir,    . 184,  683 

Leicester : 

Kettle  brook,  Paxton, 185 

Leicester  or  Lynde  brook  storage  reservoir.    See  also  Worcester ^ .       371-374 

Shaw  pond, 296 

Lenox,  water  supply  of, 185,  186,  683 

Housatonlc  river  at 429,  436,  437 

Lily  pond 186 

Yoken  river, 185 

Williams  river, 185 

Leominster,  description  of  water  works 187,188 

analyses  of  water, 188-191 

Haynes  reservoir,      ......  187-189,  683,  746,  767-773 

Morse  reservoir, 187,  189,  190,  683,  746 

Monoosnoc  brook, 468,  475 

Nashua  river  at, 468,  475 

Quarter-of-a-raile  brook, 187 

Lexington,  water  supply  of 191,192 

North  brook  storage  reservoir,  Arlington  water  works,         ...        13 
Great  Meadows  storage  reservoir,  Arlington  water  works,    .        .        .        12 

Leyden,  Glen  brook, 143 

Light,  effect  of,  on  growth  of  organisms  in  water,       .        .  560,  609-614,  725-734 

Lily  pond,  Lenox, 186 

Lincoln,  water  supply  of.     See  also  Concord,        .        .        .        .         87,  108,  192 

Beaver  pond, 87 

Sandy  pond 108 

Little  pond,  Braintree, 64,  66 

Little  Qulttacas  pond,  Lakeville, 172,  173,  238 

See  also  New  Bedford. 

Little  South  pond,  Plymouth, 271-273 

See  also  Ptymouth. 

Little  Spy  pond,  Belmont, 17,  88 

Lombard  reservoir,  Springfield,      ...'...        297,  298,  303,  685 

See  also  Springfield. 
London  sewage : 

analyses  of, 786-787 

chlorine  contents  of, 680 

Long  pond,  Brewster, 66 

Long  pond,  Lakeville, 495,  496 

Long  lake,  Great  Barrington, 141 

Loss  on  Ignition  of  residue  of  evaporation  : 

interpretation  of, 565, 566 

method  of  determination  of, 529-531 

relation  of,  to  organic  matter, 530 
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Lout  pond,  Plymouth, 271-274,  745 

Lowell: 

description  of  water  works, 192-194 

analyses  of  water, 194-200 

references  to 685,  692-694,  723-725,  793,  798-800 

Merrimack  river  at, 

description  of, 192,  193,  440-447 

analyses  of, 194-196,  447-461 

comparison  of,  analyses  of,  at  different  points,    ....       444-446 

flow  of, 183,  462,  666-658 

Concord  river  at, 411,414,415 

Lower  Mystic  lake,  Med  ford, 222 

Ludlow,  water  supply  of.    See  also  Springjield^ 200 

Ludlow  reservoir,  Springfield  water  works, 296-301 

See  also  Springfield, 
Chicopee  river  at, 

flow  of 410,  656 

analysis  of  water, 408 

drainage  area, 407 

dally  rainfall  at, 630-654 

Axe  Factory  brook, 297 

Broad  brook, 297,  302 

Higher  brook, 297,  302 

Wood's  pond, 200 

Chapln's  pond, 201 

Lynde  brook  storage  reservoir,  Worcester, 371-374 

See  also  Worcester. 

Lynde's  brook.  Sterling, 101 

Lynx,  description  of  water  works, 201  -203 

analyses  of  water,    .        .  ^ 204-208 

Birch  pond,  description  of, 201-203 

analyses  of  water  of, 205,  206 

temperature  of  water  In, 660 

heights  of  water  in, 209 

references  to, 683,  746 

Breed's  pond,  description  of, 201-203 

analyses  of  water  of ,     .        .  • 204,  205 

temperature  of  water  In, 660 

heights  of  water  in, 209 

references  to 683,  746 

Glen  Lewis  pond,     .        .' 201-203 

Waldenpond, 201-203 

Canal, 207 

Hawkes  brook, 201-203,  206,  207 

Penny  brook, 201-203,  207 

Saugus  river, 201 

Spring  pond, 265-266 

Flax  pond, 209-210 

Marblehead  Water  Company, 310-314 

Lynnfleld : 

Filling's  pond, 210,  662,  749 

Suntaug  lake 211 
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Mahkeenac  lake,  or  Stockbridge  bowl,  Stockbridge, 308 

Maiden,  description  of  water  works, 21 1-213 

analyses  of  water, 213-216 

heights  of  water  In  Spot  pond, 215 

references  to, 685,  716,  744,  777 

Spot  pond,  Stoneham, 211-214,685,744 

Eaton's  meadows  wells, 212,  215,  216,  715,  777 

Doleful  pond,  Stoneham, 212 

Martin's  pond.    See  North  Reading. 

Mann's  pond,  Sharon, 291 

Mansfield,  water  supply  of, 217,  702 

Cate  springs, 217 

Mansfield  lake.  Great  Barrington, 141, 142 

Mansfield  Lake  Aqueduct  Company,  Great  Barrington,         .        .  .141 

Manufactures : 

in  Blackstone  river  basin, 385 

in  Charles  river  basin,      .        . 395, 396 

in  Chicopee  river  basin, 407 

in  Concord  river  basin, 411,412 

in  Deerfield  river  basin, 420 

in  Hoosac  river  basin, 422 

In  Housatonic  river  basin,  430 

in  Merrimack  river  basin, 441 

in  Miller's  river  basin, 463 

in  Nashua  river  basin, 469,  470 

in  Neponset  river  basin, 484 

in  Taunton  river  basin,    ....     A        ...        .       493, 494 

in  Westfleld  river  basin, 615 

Manufacturing  wastes,  eficect  of ,  on  chlorine  contents  of  water, 

680,  682,  692,  693,  712,  713 
Map,  showing  river  basins  and  points  at  which  samples  of  water  were  col- 
lected.   Frontispiece. 

of  normal  chlorine, facing  680 

of  Hoosac  river,  showing  analyses  at  various  points,    .        .        .        .423 
of  Housatonic  river,  showing  analyses  at  various  points,      .        .        .431 

of  Nashua  river,  showing  analyses  at  various  points 472 

of  Jamaica  pond, 665 

Marblehead : 

description  of  water  works, 810 

analyses  of  water, 310-314 

temperature  of  water, 673,  675 

proposed  water  supply, 218 

Marlborough : 

description  of  water  works, 218 

analyses  of  water, 219-221 

Lake  Williams, 218-220,  685,  721,  722,  744 

Marshall  distributing  reservoir,  Fitchburg 123 

Martin's  brook,  North  Reading, 440 
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Martin's  pond,  North  Reading, 259 

Massachusetts  reformatory,  Concord,  water  supply  of,        .         109,  110,  705,  712 

Massapoag  lake,  Sharon, 291 

Matfleld  river, • .        .        .       496,  497 

Mattapan,  Neponset  river, 487,  656 

Maynard,  water  supply  of, 221 

Assabet  river  at, 414 

Meadow  brook,  East  Bridge  water, 497,  600 

Medford,  description  of  water  works, 222 

analyses  of  water,    . 213,  214,  222 

references  to, 685,  715,  744 

Spot  pond.    See  Maiden, 

Upper  Mystic  lake.     See  Boston,  Mystic  Works. 

Lower  Mystic  lake, 222 

•  College  Hill  reservoir,  Boston  water  works, 37,  60,  61 

See  also  Boston,  Mystic  Works, 

SavlUe's  ice^pond, 222 

Melrose,  description  of  water  works, 223 

analyses  of  water, 213-214 

references  to, 685,  715,  744 

Spot  pond.    See  Maiden, 

Ell  pond, 223 

Merrimack  river :  ' 

description  of  river  basin,       .        .        ...  173,174,192,193,440-447 

flow  of, 183,  462,  656-668 

drainage  areas  and  population  in  basin, 441,  442 

manufactures  in  basin, 441 

pollution  and  self  purification  of, 692-694,  793,  798-800 

comparison  of  analyses  at  different  points  on,         .        .        .       444,  445,  799 
analyses  of  water  of, 

at  Lake  Village,  N.  H., 447,  448 

at  Nashua,  N.  H., 448,449 

at  Lowell, .        .        .        450-454 

at  Lawrence,        • 455-459 

at  Haverhill, 459-461 

references  to, 685,  722-725 

Meteorological  society,  New  England, 629,  659 

Methods  of  chemical  analysis.    See  Analysis,  Chemical. 

Methods  of  microscopical  examination,         ......       581-583 

Methuen,  water  supply  of.     See  JMwrence. 
Microbes.     See  Bacteria. 

Micro-organisms  in  water,  effect  of, 537 

See  also  Organisms  and  Bacteria. 
Microscopical  examinations : 

report  of  the  biologist  upon, .        .        579-620 

methods  of, 581-583 

explanatory  note  on, 4-5 

of  water  supplies,  arranged  alphabetically  by  towns,     ....   6-378 
of  rivers,  arranged  alphabetically  by  river  basins, ....       379-516 
See  also  Organisms, 
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Middleborough : 

description  of  water  works 223,  224 

analyses  of  water, 224-227 

references  to, 672,  705,  710,  728,  729 

Assawompsett  pond.    See  Lakeville. 
Great  Quittacas  pond.    See  Lakeville. 

Taunton  river  at, 69-72,  495 

Nemasket  river  at 226,  227,  495-497,  603-505 

Middlesex  Aqueduct  Company,  Arlington, 16 

Middleton,  water  supply  of, '      .        .        .      227 

Middleton  pond  or  Forest  lake, 111-113 

See  also  Danvers. 

.  Miles  river, 439 

Milford,  water  supply  of, 227-229,  705,  708 

Charles  river  at : 

analyses  of  water  of, 396-398 

drainage  area,  etc.,  of, 394 

pollution  of, 791 

Mill  brook,  Worcester, '       .        .      383 

Mill  river,  Taunton, 496, 497 

Millbury,  proposed  water  supply  of, 229 

Blackstone  river  at : 

drainage  area,  etc.,  of, 384 

flow  of, 392,  656 

Singletary  pond, 229 

Miller's  river : 

description  of  river  basin, 462-465 

analyses  of  water  of, 466-467 

drainage  areas  and  population  in  basig, 464 

manufactures  in  basin, 463 

flow  of, 467,  656 

reference  to, 263 

Miliville,  Blackstone  river  at : 

drainage  area,  etc.,  of, 384 

analyses  of  water  of,        ....  • 890,  391 

pollution  and  self  purification  of 790,  792,  794-798 

Mine  brook,  Franklin,     .        ,  : 131,133 

Mine  falls,  Nashua,  N.  H.,  Nashua  river  at, 468 

Mohawk  lake,  or  Hagar  pond,  Stockbridge, 307 

Monoosnoc  brook,  Leominster 468,  475 

Monson,  State  primary  school,  water  supply  of, 230 

Montague,  water  supply  of, 230-232 

Lake  Pleasant, 230-232,  684,  746 

Green  pond 232 

Connecticut  river  at  Turner's  Falls, 417,  418 

Miller's  river  at  Miller's  Falls, 465-467 

Montgomery,  Moose  meadow  brook  reservoir, 868-355 

Moose  meadow  brook  reservoir,  Montgomery, 353-355 

Morse  reservoir,  Leominster, 187-190 

See  also  Leominster, 
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Mother  brook,  description  of, 482 

diversion  of  water  into,  from  Charles  river, 393 

at  East  Dedham,  flow  of, 405,  656 

Mnddy  brook,  Ware, 332 

Mystic  upper  lake,  Boston  water  works, 35-37,  59, 60 

See  also  Boston,  Mystic  Works. 
Mystic  lower  lake,  Medford, 222 

Nahant,  water  supply  of, 232 

See  also  Svoampscott, 

Nantucket,  water  supply  of, 232,  233,  661,  683,  744 

Wannacomet  pond, 232,233,661,683,744 

Nashua,  N.  H.,  Merrimack  river  at.    Sec  Merrimack  river, 
Nashua  river  at.    See  Nashua  river. 

Nashua  river : 

description  of  river  basin, 467-473 

drainage  areas  and  population  in  basin, 468,  469 

flow  of,  at  Nashua,  N.  H., 482,  656 

manufactures  In  basin, 469,  470 

map  of,  showing  analyses  at  various  points, 472 

references  to-, 561,562 

analyses  of  water  of : 

at  Fltchburg, 473, 474 

at  Leominster, 475 

atCUnton, 477,478 

at  Lancaster, 476-480 

at  Nashua,  N.  H., 480,  481 

Natick,  description  of  water  works, 234 

analyses  of  water, 234-237 

height  of  water  in  Dug  pond, 236 

Dug  pond, 234-236,  686,  700,  744 

Pegan  brook, 790 

Charles  river  at  South  Natick,  • 394 

Lake  Cochltuate 32-34,  51,  52 

See  also  Boston,  Cochituale  Works. 

Natural  filtration  of  water, 773-781 

Naukeag  Water  Company,  Ashburnham, 17,18 

Naukeag  pond,  Upper, 19,  749 

Needham,  Charles  river  at  Newton  water  works, 247,  248 

Rosemary  pond-, 237 

springs, 237 

Nemasket  river, 495-497, 503-505 

Neponset  river : 

description  of  river  basin, 482-485 

drainage  areas  and  population  in  basin, 482,  483 

manufactures  in  basin, 484 

diversion  of  water  from  Charles  river  Into, 393 

flow  of,  at  Mattapan, 656 

analyses  of,  at  Ilyde  Park, 166,  167,  485,  486 


Digitized  by  LjOOQIC 


832  INDEX. 

Paob 

Nessleiization, 524-526 

Nevin's  brook,  Gill, 136 

New  Bedford,  description  of  water  works, 237,  238 

analyses  of  water, 239-241 

Acushnet  reservoir,  .     " 287-241,  547,  683,  723-726,  746 

Little  Quittacas  pond, 172,  173,  238,  684,  746 

dally  rainfall  at, 630-654 

Newburyport,  description  of  water  works, 241 

analyses  of  water, 242 

references  to, .        .        .       672, 702 

New  England  meteorological  society, 629,  659 

Newton,  description  of  water  works, 243 

analyses  of  water, 244-247 

references  to, 702 

Charles  river  at : 

drainage  area,  etc.,  of, 394 

flow  of, 405,  656 

analyses  of  water  of, 400,  401 

Hammond*s  pond, 249 

Newton's  pond,  or  Buckman  brook  storage  reservoir,  Athol,        .        .        .  19,  20 

Nine  Mile  pond,  Barnstable, 28 

Nitrates,  nitrogen  as : 

method  of  determination  of, 528 

Interpretation  of,  in  surface  waters 556-564 

interpretation  of ,  in  ground  waters, 571-577 

in  rain-water, 662 

in  unpolluted  waters, 687 

effect  of  storage  on, 732,  733,  788-740 

iu  Jamaica  pond  at  different  depths, 754-763 

Nitrites,  nitrogen  as : 

-  method  of  determination  of, 527,  528 

interpretation  of,  in  surface  waters, 556-^564 

in  ground  water 571-^77 

in  rain-water, 562 

in  unpolluted  waters, 687 

effect  of  storage  on, 738-740 

in  Jamaica  pond  at  different  depths, 754-763 

Nitrogen : 

as  nitrates.    See  Nitrates, 
as  nitrites.    See  Nitrites. 

in  deep  ponds, 754-763 

in  organisms  of  Ludlow  reservoir,  Springfield, 549 

loss  of,  by  filtration, 703,  704 

organic,  method  of  determination  of, 626,  527 

description  of  KJeldahl  nitrogen  process, 526 

relation  of,  to  albuminoid  ammonia, 527,  549 

Nookagee  river.  West  Fitchburg, 474 

Normal  chlorioe,  map  of, facing  680 

discussion  of, 542-545,   679-6*2 

Normal  rainfall  in  Massachusetts, 629 

Normal  temperature  of  air, 659 
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Normal  temperature  of  water  la  ponds  and  reservoirs, ....  663,  664 
North  Adams,  water  supply  of  North  Adams  fire  district,    .        .        249-251,  683 

Notch  brook, 249-260,  422,  425-426 

Broad  brook,  Pownal,  Vt 249,261 

Hoosac  river  at 422,  425,  426 

Northampton,  water  supply  of, 251-263,  684 

Roberts'  meadow  brook, 251,  252 

North  Andover,  Great  pond, 253 

North  Attleborough,  description  of  water  works, 254 

analyses  of  water, 254-267 

temperature  of  water, 672,  676 

references  to, 706,  708,  728,  729 

Whiting's  pond, 264.  266,  257 

Ten  Mile  river,  analyses  of, 612,  513 

drainage  area,  etc. ,  of, 611 

Northborough,  description  of  water  works, 258 

analyses  of  water, 258,  259 

Cold  Harbor  brook  storage  reservoir, 268,  684,  746 

Assabet  river  at, 411-413 

Northbrldge,  water  supply  of, 269 

North  brook,  Lexington, 18-16 

North  Easton  village  district,  water  supply  of , 118,119 

See  also  Easton. 

North  Reading,  Ipswich  river, 440 

Martin's  brook, 440 

Martin's  pond, 259 

Swan's  pond, Ill 

North  Watuppa  lake,  Fall  River, 120-122 

Nor  well.  Accord  pond, 148-160 

See  also  Hingham, 

Norwood,  description  of  water  works, 260 

analyses  of  water, 260-263 

Buckmaster  pond, 260,  261,  686,  696,  721,  722,  745 

Coleman's  brook,      ...  260 

Foundry  brook, 260 

Notch  brook.  North  Adams, 249,  260,  683 


o. 

Odors,  method  of  determination  of, 631 

effect  of  storage  on 740 

of  surface  waters, 667-669 

relation  of,  to  organisms, 668,  669,  683-687 

Quota  lake,  Plttsfleld. 270,  429,  434 

Open  distributing  reservoirs,  effect  of  storage  of  water  in,    660,  720-728,  730-734 

Open  tanks : 

storage  of  surface  water  In, 726 

storage  of  ground  water  In 729,  730 

Orange,  water  supply  of, 263,  702 


Digitized  by  LjOOQIC 


834  INDEX. 

Pags 

Orange,  Miller's  river  at : 

drainage  area,  etc 44»4 

flow  of, 467,656 

reference  to, 263 

Organic  matter : 

relation  of,  to  loss  on  ignition, 530 

in  Ladlow  reserrolr,  Springfield, 549 

Organic  nitrogen : 

method  of  determination  of, 526,  587 

dei»criptIon  of  Kjeldahl  nitrogen  process, 526 

relation  of,  to  albuminoid  ammonia, 527, 549 

Organisms : 

report  upon, 579-620 

methods  of  examination  of, 581-583 

explanatory  note  on  microscopical  examinations, 4,  5 

seasonal  distribation  of , 597-600 

effect  of  light  on, 609-611 

relation  of,  to  tastes  and  odors,       ....  567-569,  583-587,  747,  748 

growth  of,  in  open  reservoirs, 726-734 

effect  of,  on  water, 691,  800-802 

purification  of  water  rendered  Impure  by  organic  growths,    .  609-614 

distribution  of,  in  waters  variously  situated, 601-608 

in  Jamaica  pond  at  different  depths, 763,  764 

in  waters  of  Boston,  Charlestown  and  Cambridge,        .        .  587-597 

Osclllaria: 

in  Jamaica  pond,  750,  768,  764,  770,  773 

Otter  river,  Gardner, 464 

Overlook  reservoir,  Fitchburg, 122,  128,  125,  126 

See  also  FiUhhurg. 

Ownership  of  water  works, 628 

Oxygen,  absence  of,  In  the  bottom  of  deep  ponds  In  summer,  .       553,  753 


p. 

Palmer,  description  of  water  works, 264 

analyses  of  water, 264,  265 

reference  to, 683 

Parker,  G.  H.,  biologist,  report  of, 579-620 

Parker  hill  reservoir,  Boston, 85,  57,  787,  788 

See  also  Boston,  CochUuate  Works. 

Paxton,  Kettle  brook, 185 

Peabody,  description  of  water  works, 265 

analyses  of  water, 266,  267 

Brown's  pond,  references  to, 265,  266,  683,  745 

Spring  pond,  references  to, 265,  266,  683,  745 

Suntaug  lake, 211 

Pegan  brook,  Natlck,  pollution  of, 790 

Pelham,  Amethyst  brook, 11,12 

Pembroke,  Big  Sandy  pond, 6,  7,  661 

Pemlgewasset  river, 442 
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Penny  brook,  Lynn 201-203,  207 

Pentncket  lake,  or  Rovnd  pond,  Haverhill 144,  147,  686,  744 

Phillipston,  Phlllipston  pond,  .        .        .       •. 267 

Phllllpston  reservoirs,  Athol  water  supply,     ....    19-21,  684,  746 

Pllling's  pond,  Lynnfleld, 210,662,749 

Pipes,  growth  of  sponge  In, 614-620 

purification  of  water  In,  at  Lawrence, 724,  726 

temperature.of  water  In, 674 

crenothrix  in, 780 

Pittsfleld,  description  of  water  works, 268 

analyses  of  water, 268-270 

Ashley  lake, 268,  269,  683 

Ashley  reservoir, 268,  683 

Sackett  reservoir, 268,  683 

Silver  lake, 271 

Housatonlc  river, 429,  430,  433,  436 

Lake  Onota, 270, 434 

Pontoosuc  lake, 270, 434 

Plants,  purification  of  water  by, 691,800-802 

Pleasant  Lake,  Montague,       .......         230-232,  684,  746 

Plug  pond,  or  Lake  Saltonstoll,  Haverhill, 144,147,148 

Plymouth,  description  of  water  works, 271,272 

analyses  of  water, 272-274 

*    Great  South  pond, 271-273,  683,  746 

Little  South  pond, 271-273,  683,  745 

Lout  pond, 271-274,745 

Boot  pond, 271 

Pollution  : 

value' of  chemical  analysis  in  discovering,       ,        .         636,  636,  640,  641,  667 
effect  of,  on  bad  ta.stes  and  odors  in  surface  water  supplies, .        .       740-749 

on  chemical  analysis, 639-545,  567,  668,  688-690 

on  chlorine  contents  of  waters, 642-645,  679,  680 

of  streams, .785-802 

of  surface  waters  by  sewage,  proof  of, 660,  561 

of  Blackstone  river, 790-793 

of  Charles  river,  Milford, 791 

of  Coachlace  brook,  Clinton, 790 

of  Merrimack  river, 692-694,  793,  798-800 

of  Pegan  ftrook,  Natlck, 790 

of  Stacy's  brook,  Swampscott, 790 

Ponds.    See  also  Lakes  and  Surface  Waters. 

comparison  of,  with  storage  reservoirs, 735 

effect  of  depth, 553,  554,  740-767 

natural,  number  of,  used  as  sources  of  public  water  supply,  .        .        .      627 

organisms  in, 603-608 

seasonal  distribution  of  free  ammonia  in, 661,  662 

storage  of  surface  waters  in, 734-749,  767-773 

temperature  at  different  depths, 664-670 

and  reservoirs,  temperature  of  water  in, 660,  661 
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The  following  Is  a  Ilet  of  all  the  ponds  referred  to  in  this  volnme.    They  arc  more 

completely  indexed  by  towns. 

Ponds  —  continued.  Paok 

Accord,  HlDgham, 148-160 

Ashley  and  Wright,  Holyoke, 152,153,166,157 

Assawompsett,  Lakeville, 172, 226 

Beaver,  Franklin, 131, 133 

Beaver,  Lincoln, 87 

Bell,  Worcester, 872, 378 

Big  Sandy,  Pembroke,  Abington  and  Kockland  water  works,         .        .         6 

Birch,  Lynn, 201-203,  205,  206,  209 

Boot,  Plymouth, 271 

Breed's,  Lynn, 201-203,  204.  206,  209 

Brown's,  Peabody, 266,  266 

Backmaster,  Dedham,  Norwood  water  works,        ....       260,  261 

Chapln's,  Ladlow, 201 

Chauncy,  Westborough, 361,  661,  745 

Clapp's,  Provlncetown, 274 

Day's  upper,  Gloucester, 188 

Day's  lower,  Gloucester, 139 

Doleful,  Stoneham, 212 

Dudley,  Wayland,  Boston  water  works, 33,  61 

Dug,  Natlck, 234-236 

Elder's,  Lakeville, 173,  495,  496 

Ell,  Melrose, 223 

Factory,  Brockton, 78 

Farm,  Framlngham, 29-31,  129 

Flax,  Lynn, 209,  210 

Forge,  Freetown, 133 

Fresh,  Cambridge, 86-92 

Fulling  Mill,  Hingham, 148,  149,  161 

Gates,  Berlin,  Hudson  water  works, 161,162 

Gleason's,  Framingham, 131,201-203 

Glen  Lewis,  Lynn 201-203 

Great,  Eastham, 116 

Great,  North  Andover, 253 

Great,    Randolph   and    Bralntree,    Randolph    and   Holbrook   water 

works, 279, 280 

Great,  Weymouth, S67 

Great  Quittacas,  Lakeville, 495,  496 

Great  South,  Plymouth, 271,  272 

Green,  Montague, 232 

Hagar,  or  Mohawk  lake,  Stockbrldge, 307 

Hammond's,  Newton, 249 

Herring.  Eastham, 116 

Hey  wood's,  Sterling, 104 

Hobart's,  Whitman, 369-361 

Horn,  Wobum, 866, 367, 369-371 

Jamaica,  Boston, 87,  63.  64 

Learned's,  Framingham, 181 

Lily,  Lenox, 186 
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Little,  Braintree 64,  66 

Little  Qulttacas,  Lakevllle, 172,  173,  238 

Little  South,  Plymouth, 271-273 

Little  Spy,  Belmont, 17,  88 

Long,  Brewster, 66 

Long,  Lakevllle, 495, 496 

Lout,  Plymouth, 271-274 

Mann's,  Sharon, 291 

Martin's,  North  Reading, 269 

Mlddleton  or  Forest  lake,  Mlddleton,  Danvers  water  works,         .       111-113 

Naukeag,  Upper,  Ashburoham, 19 

Newton's,  or  Buckman  brook  storage  reservoir,  Athol,  .        .        .        .  19,  20 

Nine  Mile,  Barnstable, .        28 

Philllpston,  Phillipston, 267 

PiUlng's,  Lynnfleld, 210,  662,  749 

Plug,  or  Lake  SaUonstall,  Haverhill 144.  147,  148 

Putnam's,  Danvers, 114 

Rosemary,  Needham, 237 

Round,  or  Lake  Pentucket,  Haverhill, 144,  147 

Sand  Bank,  Chicopee, 96,  98,  708 

Sandra,  Wcstborough 106,  347,  348,  746 

Sandy,  Lincoln, 108 

Sandy,  Ayer> 28 

Saville'a  ice,  Med  ford, 222 

Shank  Painter,  Provincetown, 274 

Shaw,  Leicester,  Spencer  water  works, 296 

Singletary,  Millbury, 229 

Smith,  or  Crystal  lake,  Wakefield, 322,  823 

Spot,  Stoneham,  Maiden,  Medford  and  Melrose  water  works,       .       211-215 

Sprague,  Hyde  Park, 167 

Spring,  Peabody, 265,  266 

Spy,  Arlington, 17 

Stockbridge  bowl,  or  Lake  Mahkeenac,  Stockbrldge,     ....      308 

Swan's,  North  Reading, Ill 

Tyng's,  Tyngsborough, 320 

Upper  Naukeag,  Ashburnham, 19 

Walden,  Lynn, 201-203 

Wallace,  Gloucester, 136 

Wannacomet,  Nantucket, 232,  233 

Warner's,  Concord, 110 

Waushaktim,  Sherbom, 291,  292 

Webster's,  Gloucester, 139 

White,  Hudson  and  Stow,  Maynard  water  works,  .        .        .        .221 

Whiting's,  North  Attlcborough 254,256,257,511,612 

Williston,  Easthampton, 116,  746 

Winter,  Winchester, 366 

Witherell's,  Wrentham, 611 

Wood's,  Ludlow, 200 

Wright  and  Ashley,  Holyoke 162,  153,  156,  157 

York,  Canton, *       .        .        .        .  93,  94 

Pontoosuc  lake,  PlUsfleld, 270,  429,  434 
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Population  of  cities  and  towns  having  public  water  supplies »       .        .       626,  627 

Porter's  spring,  Avon, 25 

Powow  Hill  Water  Company,  Amesbury, 9,  10 

Precipitation.     See  Rainfall, 

Private  water  companies,  number  of  cities  and  towns  supplied  by,      .        .      628 

Provincetown,  proposed  water  supply  of 274,  275 

Purification,  self  purification  of  streams, 798-^02 

of  sewage, 573,  574,  688,  689 

of  water : 

by  filtration, 706-708.  773, 781 

by  vegetation, 562,  691,  800-802 

rendered  impure  by  organic  growths, 609-614 

Purity,  standards  of, 535,  546^47,  577,  686 

Putnam's  pond,  Danvers, 114 


Q. 

Quaboag  Aqueduct  Company,  West  Brookfleld, 351-353 

Quaboag  river, 406, 407 

Quality  of  water : 

classification  of  substances  found  in  water, 533 

value  of  chemical  analysis  in  determining, 535-540 

of  brown  or  swamp  waters, 546-550 

of  rain-water, 563 

of  hard  waters, 665 

of  ground  waters, 574-576 

discussion  of  special  topics  relating  to *       .       717-782 

Quannapowitt,  lake,  Wakefield, 323 

Quarter-of-a-mlle  brook,  Leominster, 187 

Qnequechan  river.  Fall  River, 120 

Queset  river,  Easton, 118 

Quincy,  description  of  water  works 275,  276 

analyses  of  water, 276-278 

Town  brook  storage  reservoir,         ....         275,  276,  278,  685,  697 

Quinnepoxet  river, 467 

Quinsigamond  village,  Worcester,  Blackstone  river  at : 

analyses  of  water  of, 387,  388 

drainage  area,  etc.,  of, 884 

flow  of , 392 


K. 

Randolph  and  Holbrook : 

description  of  water  works, 278,  279 

analyses  of  water, 279,  280 

Great  pond, 279,  280,  685,  744 

Rainfall,  records  of, 628-654 

daily,  at  ten  places  in  Massachusetts, 630-654 

normal,  in  Massachusetts, 629 

excess  or  deficiency  of,  during  years  1887-1889, 629 
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Rain-water,  chemical  analysis  of, 562 

interpretation  of  free  ammonia  in, 563,  564 

storage  of,  in  cisterns, 563,  564 

Readville,  Spragne  pond, 167 

Records  of  flow  of  streams, 655-658 

ofrainfaU 628-654 

of  temperature  of  air  and  water, 659-676 

Reformatory,  Massacliosetts,  at  Concord,  water  supply  of,  .        109,  110,  705,  712 
Reformatory  prison  for  women,  Sherbom,  water  supply  of,         .        .       291,  292 

Relation  of  color  to  albuminoid  ammonia, 567 

Relation  of  organisms  to  odors  in  natural  waters,         .  567-569,  583-587,  747,  748 
Renfrew  Manufacturing  Company,  Adams : 

Hoosac  river  at, 422,  425 

wells  of, 8 

Report  upon  the  organisms  found  in  waters  of  the  State,     .        .        .       579-620 

See  also  Tanks.  ^ 

Reservoirs,  Distributing  : 

effect  of  storage  of  surface  water  in  open, 7  0-725 

effect  of  storage  of  ground  water  in  open,       .        .          560,  725-728,  730-734 
effect  of  storage  of  ground  water  in  covered,  .                .        .       728,  729,  734 
temperature  of  ground  water  in,      .        .        .        .     •  .        .        .        .675 
diagram  showing  comparative  temperatures  of  surface  water  in  a  res- 
ervoir and  as  delivered  to  consumers, 674 

organisms  in  covered, 603-608 

algJE  in  ground  waters  stored  in,      .  .        .         560,  725-728,  730-734 

The  following  1b  a  list  of  all  the  diatributlDg  reeervolrs  referred  to  in  ihla  volume. 
They  are  more  completely  indexed  by  towns. 

Amesbury, 10 

Athol, 20 

Ayer, 25,  27 

Boston : 

Brookline  reservoir, 34,  54,  55 

Chestnut  hill  reservoir, 34,53,64 

College  hill  reservoir, .        .    37,  60,  61 

Fisher  hill  reservoir, 35,  56 

Parker  hill  reservoir, 35,  57 

Brookline, 79,  80,  82,  83 

Cambridge, 88 

Chelsea, 94 

Cheshire, 95,  421-424 

Chicopee  central  Are  district, 96 

Chicopee  Falls  fire  district, .99 

Clinton, 102 

Cohasset, 104-107 

Concord, 108 

Danvers, Ill,  113 

Fitchburg,  Marshall, 123 

Overlook, 122,  123,  125,  126 

Gardner, .       134,  135 

Gloucester, 136-138 

Hyde  Park, 163,  165,  166 
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Heservoiks,  Distridutino  —  Concluded, 

Kingston, 168,  170,  171 

Lawrence 173,  174,  179,  180 

Lee 184.  185 

Lenox,       185, 186 

Leominster, 187,  188,  190,  191 

Lincoln, 192 

Lowell, 194.  198-200 

Lynn, 201-203,  208 

Marlborough, 218,  220,  221 

Melrose, 223 

Montague,         . 230, 281 

Natick, 234,  236 

New  Bedford, 238,  240,  241 

Newton 243,  245,  246 

North  Adams,   .        .    ^ 249 

Norwood,  .         .      * 260,  262 

Peabody, 265-267 

Plymouth,  .  ' 271,  272 

Revere, ^      .^ 281, 283, 284 

Salem, / 286,  287, 288 

Springfield,  Lombard, 297,  298,  808 

Van  Horn, 297,  298,  304 

Tewksbury,  State  almshouse, 318 

Waltham, 324,326,827 

Ware '       .        .        .        329,331,332 

Webster, 341,342 

Wellesley, 343,  345, 346 

Westfleld 354,355 

WilUamstown, 362 

Winchester, 364 

Woburn, 366,  368,  369 

Worcester : 

Hunt  reservoir, 372,  374,  375 

Tatnuck  brook, 372, 377 

Reservoirs,  Storage  :  See  also  Ponds. 

effect  of  depth, 553,  654,  740-767 

organisms  in, 603-608 

number  of,  used  as  sources  of  public  water  supply,        ....      627 

temperature  of  water  in, 660,  661,  664-670 

comparison  of,  with  ponds, 735 

eftect  of  storage  of  surface  waters  in,     .  .        .         734-749,  767-773 

The  following  is  a  list  of  all  the  storage  reservoirs  referred  to  In  this  volume. 
They  are  more  completely  Indexed  by  towns. 

Adams,  Bassett  brook,     .        .        .        . 7, 8 

Dry  brook, 7, 8 

Amherst,  Amethyst  brook, 11,12 

Arlington, 13-15 

Ashbumham, 17,  18 

Athol : 
Buckman  brook, 19,  20 
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Athol — Concluded.  Page 

large  PhiUipston, 19-21 

small  PhiUipston, 19-21 

Boston : 

reservoir  1, * 30-32 

reservoir  2, 80-82,  42-44 

reservoir  8, 30-32,  45-47 

reservoir  4, 30-32,  38-42 

Brockton,  Salisbury  brook, 73-76 

Brookfleld, 78,  79 

Cambridge,  Stony  brook, 86-90 

Cheshire, 94,  95 

Chicopee  central  fire  district.  Dingle  brook, 96,  97 

Clarksburg, 421 

Clinton,  ♦*  the  basin," 101-104 

Dalton, 110 

Easthampton,  Williston  pond, 116-118 

Fitchburg  : 

Falulah, 122,  123,  126-128 

Overlook, 122,  123,  125,  126 

Scott 122,  123,  124,  125 

Gloucester,  Dikc*s  brook,  .        .        .        .        .        .        .        .       136-138 

Great  Barrington, 140-142 

Greenfield,  Glen  brook, 142,  143 

Hingham,  Fulling  mill  pond, 148,  149,  151 

Hinsdale, 152 

Holyoke,  Bray  brook, 153 

Lee, 184,  186 

Lenox, 185 

Leominster,  Haynes, 187-189 

Lynn : 

Birch  pond, 201-203,  205,  206,  209 

Breed's  pond, 201-203,  204,  205,  209 

Glen  Lewis  pond, 201-203 

Walden  pond, 201-203 

Milford, 227 

Monson  State  primary  school, 230 

New  Bedford,  Acushnet, 237-240 

Newburyport, 241,  242 

North  Adams, 249 

Northampton, 251,  252 

Northborough, 258 

Northbridge, 259 

Orange,     . 263 

Palmer, 264 

Pittsfleld,  Ashley, 268-270 

Sackett, 268,  269 

Quincy,  Town  brook, "  275,  276,  278 

Richmond, 285 

Southbridge 293 

South  Hadley  Falls  fire  district .       294-295 
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Reservoirs,  Storage — Concluded. 

Springfield,  Ludlow  reservoir, 296-301 

Belchertown  reservoir, 297 

Stockbrldge, 306 

Uxbrldge,  .        .        .        .    , 321 

Wayland 337,339-340 

Westborough, 347-848 

Westfleld,  ./.... 354-356 

West  Springfield, 365-366 

Winchester, 364-365 

Worcester,  Holden  or  Tatnuck  brook  reser\^olr,     .        .         371-372,  375-376 

Leicester  or  Lynde  brook  reservoir, 871-374 

Residue  of  evaporation,  method  of  determination  of,   .        .        .        .       529-531 

Interpretation  of, 564-566 

Revere,  description  of  water  works 281 

analyses  of  water, 282-284 

temperature  of  water  in  wells, 673,  675 

references  to, 717,  725-728 

Crystal  brook,  Saugus,     .        . 281 

Richmond  Iron  Works,  water  supply  of, 285 

Rivers : 

descriptions  of  the  river  basins ;  chemical  and  biological  examinations 

of  the  waters, 379-516 

explanatory  note  on  examination  of, 381 

flow  of.     .        .' ,     .         .         .         .        655-668 

See  also  Streams. 

Riverside  Village,  Gill,  water  supply  of, 136 

Roberts'  meadow  brook,  Northampton, 251-252 

Rochester,  Great  Quittacas  pond, 495 

Rockland,  water  supply  of.     See  Abington. 

Big  Sandy  pond, 6,7,661,685,745 

Accord  pond.    See  Hingham. 

Rosemary  brook,  Wellesley, 343,  346 

Rosemary  pond,  Needham, 237 

Round  pond,  or  Lake  Pentucket,  Haverhill, 144,  147 

Roxbury,  Stony  brook, 490-493 

s. 

Sackett  reservoir,  Pittsfleld, 268-269 

See  also  Pittsfleld. 

Salem,  description  of  water  works 285-286 

analyses  of  water, 286-288 

temperature  of  water,       .        .        .        .        .        .         660.  669-670,  765,  767 

Wcnbam  lake,    .         .        .     285-287,  660,  069-670,  685,  721-722,  745,  765,  767 

Spring  pond.     See  also  Peahody, 265-266 

tubular  well, 218 

daily  rainfall  at, 630-654 

Salisbury  brook.  Avon, 74 

Salisbury  brook  reservoir,  Brockton, 73-75 

See  also  Brockton. 
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Salisbury  Plain  river,      .  ' 496-499 

Saltonstall  lake,  or  Plug  pond, 144,  147-148 

See  also  Haverhill. 

Samples  of  water  for  analysis,  collection  of , 519-521 

Sand  Bank  pond,  Chlcopee, '.  96,  98,  708 

See  also  Chkopee, 

Sandra  pond,  Westborough, 847-348,  746 

See  also  Westborough, 

Sandy  pond,  Ayer, 28 

Sandy  pond,  Lincoln, 108,  683,  745 

See  also  Concord. 

Sapoo  brook,  Sharon, 291 

Satucket  river, 496-497, 501 

Saugus,  water  supply  of.    See  Lynn. 

Crystal  brook, 281,  289 

Birch  pond.     See  also  Lynn, 201-208,  205 

Breed's  pond.    See  also  Lynn, 201-204 

Glen  Lewis  pond.    See  also  Lynn, 201-208 

Walden  pond.     See  also  Lynn^ 201-208 

Hawkes  brook.     See  also  Lynn, 201-208,  206 

Penny  brook.     See  also  Lynn, 201-203,  207 

Saugus  river, 201 

tubular  well  in, 289 

Saville's  ice  pond,  Medford, 222 

Scale  of  color, .4, 531, 532 

Scenedesmus  In  Hyde  Park  reservoir, 731 

Scott  reservoir,  Fltchburg 122-125 

See  also  Fitchburg. 

Seasonal  distribution  of  free  ammonia, 551-555 

Seasonal  distributlou  of  organisms, 597-600 

Sediment,  method  of  determination  of, 532 

interpretation  of, 666 

Self  purification  of  streams, 798-802 

Seven  Mile  river, 407 

Sewage,  analyses  of 538,  786-787 

effect  of,  on  chemical  analysis  of  water,  .        .        .       •.        561,  688-690,  789 

chlorine  of, 680 

table  of  calculated  composition  of,  with  different  degrees  of  dilution,  788,  789 
diagram  showing  comparative  temperatures  of  water  and  sewage,        .      676 

Shank  Painter  pond,  Provincetown 274 

Sharon,  description  of  water  works 289 

analyses  of  water, 290 

references  to, 706,  710,  729-730 

Mann's  pond, 291 

Sapoo  brook, 291 

Shattuck  brook,  Fitchburg, 123 

Shaw  pond,  Leicester,  Spencer  water  works,         .        .        .        .        296,  684,  744 

Shawsheen  river, 487-489 

Shelbume,  water  supply  of, 291 

Sherborn,  reformatory  prison  for  women,  water  supply  of,  .         291-292,  685,  745 
Waushakum  pond, 291-292,685,745 
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Sherman  spring,  Willlamstown,     .        .        .        .       ' 363 

Shrewsbury,  Cold  Harbor  brook,  Northborough  water  works,     .        .        .258 

Shamatuscacant  river,  Whitman, 497 

Silver  lake,  Pittsfleld, 271 

Singletary  pond,  MiHbury, 229 

Slater  Manufacturing  Company,  Webster,  water  supply  of,  .        .       340-342 

Smith  pond,  or  Crystal  lake,  Wakefield, 822,  823 

Snake  brook  storage  reservoir,  Wayland, '    837,  339,  840 

See  also  Wayland, 
Solids.     See  Hesidue  of  evaporation. 
Solids,  dissolved,  amount  added  to  streams  by  domestic  sewage,         .        .      7<I9 

amount  of,  per  Inhabitant  in  sewage, '  787,  788 

Somervllle,  water  supply  of, 292 

See  also  Boston,  Mystic  Works. 
South  Adams  fire  district.    See  Adams. 

Southborough,  Stony  brook, 46,  46 

See  also  Boston,  Cochituate  Works. 

Southbrldge,  water  supply  of, 293,  294,  683,  746 

South  Hadley,  water  supply  of  South  Hadley  Falls  fire  district,  .       294,  296,  684 

Buttery  brook, 294, 295 

South  Natick,  Charles  river  at 394 

Spencer,  water  supply  of, 296,  684,  744 

Shaw  pond, 296,  684,  744 

Seven  Mile  river, 407 

Sponge,  growth  of,  in  water  supplies, 614-620 

growth  of,  in  Boston  water  supply, 617 

experiment  on  growth  of , 618,619 

Spot  pond,  Stoneham, 211-214  . 

See  also  Maiden. 

Sprague  pond,  Hyde  Park, 167 

Spring  pond,  Peabody, 265,  266,  683,  745 

Spiungfield  : 

description  of  water  works, 296-298 

analyses  of  water, 298-306 

temperature  of  water, 660,  663 

Ludlow  reservoir,      .        .     297-301,  649,  660,  663,  684,  743,  746,  748,  767-773 

Lombard  reservoir, 297,  298,  303,  685 

Van  Horn  reservoir, 297,  298,  304,  686,  695 

Axe  Factory  brook,  Ludlow,    .        .        . 297 

Broad  brook,  Ludlow, 297,  302 

Higher  brook,  Ludlow * 297,  302 

Dingle  brook, 96 

Connecticut  river  at, 418,  419 

Springs  : 

number  of,  used  as  sources  of  public  water  supply,        .        .        .        .627 

temperature  of  water  of, 671-673 

organisms  in  water  of, 603-608 

See  also  Ground  Waters. 
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The  following  i«  a  llBt  of  all  the  springa  referred  to  Id  thia  volume.    They  are  more 
completely  Indexed  by  towna. 

Page 

Agawam, 9,  702 

Amherst, 11,  12,  702 

Arlington,.  - 16 

Avon, .25 

Brldgewater  State  farm 71 

Cheshire, 94 

Chicopec, 99-101,  706,  708 

GUI 186 

Grafton, 139,  705 

Leicester,  ....  186 

Maiden 212,216,216,776 

Mansfield, 217 

Millbury 229 

Needham, 237 

Newburyport, 241 

Northbridge, 269 

Orange, 263,702 

Pelham, 12 

Shelbume 291 

Stockbridge, 306 

Tlsbury, 820 

Uxbridge 821 

Warren, 332,  702 

Wellesley, 343 

West  Brookfield, 351-368 

Wllliamstown, 302,  363,  702,  776 

Wlnchendon, 363 

Spy  pond,  Arlington, 17 

Stacy's  brook,  Swampscott, 310,  313,  314,  790 

Stagnation  In  deep  ponds, 749-767 

Stand-pipes.    See  Tanks. 
Standards : 

of  purity  of  water, 635,646,516,647,577,686 

for  determining  color,      . 531,532 

for  reading  colors  for  nesslerlzatlon, 626 

State  almshouse,  Tewksbui^,  water  supply  of,      ...        .       318,  319.  684 

State  farm,  Brldgewater,  water  supply  of, 69-72 

State  primary  school,  Monson,  water  supply  of, 230 

Statistics,  collection  of  water  supply, 623-625 

summary  of 626-628 

of  flow  of  streams, 655-658 

of  rainfall, 628-664 

of  temperature  of  air  and  water, 659-676 

Steams,  F.  P.,  engineer: 

summary  of  water  supply  statistics,  also  records  of  rainfall,  flow  of 

streams  and  temperatures  of  air  and  water, ....  621-676 
discussion  of  special  topics  relating  to  quality  of  public  water  supplies,  7 1 7-781 
report  on  pollution  and  self  purification  of  streams,      .        .        .        785-802 

t 
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sterling: 

Storage  reservoir,  Clinton  water  works, 102-104 

See  also  Clinton. 

Hey  wood's  brook, 102 

Heywood's  pond, 104 

Lynde's  brook, 102 

Wekepeke  brook, 101,102 

Stillwater  river, 467 

Stockbrldge,  water  supply  of, 306-308 

Hagar  pond,  or  Mohawk  lake, 307 

Lake  Mahkeenac,  or  Stockbrldge  bowl, 308 

Stonebam,  description  of  water -works, 322 

analyses  of  water, 322.  323 

Doleful  pond, 213 

Crystal  lake  or  Smith  pond,  Wakefield,  ....        322,  323,  685,  745 
See  also  Wak^eld, 

Spot  pond, 211-214 

See  Maiden. 

Winchester  storage  reservoir, .       364, 365 

Stony  brook,  Boston, 490-493 

Stony  brook,  Southborough,  Boston  water  works, 45,  46 

See  also  Boston,  Cochituate  Works. 

Stony  brook  reservoir,  Cambridge  water  works, 86-91 

See  also  Cambridge, 
Storage : 

of  ground  waters,  in  open  distributing  reservoirs,         560,  725-728,  730-734 

In  open  tanks, 729,  730 

in  covered  reservoirs  and  tanks, 728,  729 

experiment  at  Hyde  Park, 730-784 

of  surface  waters,  In  open  distributing  reservoirs,         .        .        .       720-725 

in  open  tanks, 725 

In  large  reservoirs  or  ponds, 734-749 

effect  of,  on  chemical  character  of  waters, 738-740 

effect  of,  on  color 735-738 

effect  of,  on  quality  of  water 718-749 

effect  of,  on  tastes  and  odors, 740-749 

in  deep  ponds,  effect  of 749-767 

Storage  reservoirs.    See  Reservoirs^  Storage, 

Stoughton,  water  supply  of, 308,  309,  705,  710,  711 

Beaver  brook, 93 

Stow,  White  pond, 221 

Streams  : 

description  of  river  basins;  chemical  and  biological  examinations  of 

the  waters, 379-516 

explanatory  note  on  examinations  of , 381 

number  of,  used  as  sources  of  public  water  supply,        ....      627 

flow  of, 655-658 

diagram  of, 657 

as  sources  of  water  supply, 556,  603,  740 

organisms  In, 603-608 

pollution  and  self  purification  of ,     .        .        .        .     "    .        .        .       785-802 
See  also  Surface  Waters, 
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Streams  —  Continued, 

The  following  la  a  list  of  all  the  streams  referred  to  in  this  volume.  They  are  more  completely 
indexed  under  the  name  of  the  stream,  or  of  the  town  In  which  it  is  situated  or  to  whose  water 
supply  It  contributes. 

Page 

Abbajona  river, 36 

Acushnet  river, 237,  238 

Amethyst  brook,  Pelham 11,12 

Ashley  brook,  Pittsfleld 268 

Assabet  river, 410-414 

Axe  Factory  brook,  Ludlow, 297 

Bassett  brook, 7-8. 

Beaver  brook,  East  Brldgewater, 497 

Beaver  brook,  Canton, 93* 

Beaver  brook,  Dracut, 116 

Beaver  Dam  brook,  Natick, 49,  50 

Blackstone  river, 383-392 

Bray  brook,  Holyoke, 163 

Broad  brook,  Ludlow, 297,  302 

Broad  brook,  Pownal,  Vt., 249,  261 

Buckmau  brook,  Athol, 19,  20 

Buttery  brook,  South  Hadley, 294,  296 

Canoe  river,  Mansfield, 217 

Center  brook,  Richmond, .285 

Charles  river, 393-406 

Chlcopee  river, 406-410 

Coachlacc  brook,  Clinton, 479 

Codding  brook,  Lee, 184 

Cohasset  brook, 107 

Cold  Harbor  brook,  Shrewsbury, 268 

Coleman's  brook,  Norwood, 260 

Concord  river, 410-415 

Connecticut  river, 416-419 

Crystal  brook,  Saugus, 281,  289 

Darby  brook.  West  Springfield, .        .356 

Deerfield  river, 420 

Dingle  brook,  Springfield, 96 

Dry  brook,  Adams, 7,8 

Egypt  brook,  Dalton, 110,111,683 

Falulah  brook,  Fitchburg, *.        .        .       122,123 

Flag  brook,  Crockerville, 473,  474 

Foundry  brook,  Norwood, 260 

Glen  brook,  Leyden, 142 

Green  river,  Great  Harrington, 141,  142 

Hawkes  brook,  Lynn 201-203,  206,  207 

Haynes  brook,  Leominster, 187 

Hey  wood's  brook.  Sterling, 102 

Higher  brook,  Ludlow, 297,  302 

Hinsdale  brook, 162 

Hoosac  river, 420-428 

Housatonic  river, 428-438 

Hudson  brook,  Clarksburg,      .        .        .  426 

Ipswich  river, 438-440 

Jones  river, 171 
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Kettle  brook,  Paxton, 185 

Lynde  brook,  Leicester, 371 ,  372 

Lynde's  brook,  Sterling, 102 

Martin's  brook,  North  Reading, 440 

Matfield  river, .       496,497 

Meadow  brook.  East  Bridgewater, 497-500 

Merrimack  river, 440-462 

Miles  river, 439 

Mill  brook,  Worcester, 883 

Mill  river,  Taunton, 496-497 

Miller's  river, 462-467 

Mine  brook,  Franklin, 131, 133 

Monoosnoc  brook,  Leominster, 468,  475 

Moose  meadow  brook,  Montgomery, 353-355 

Morse  brook,  Leominster, 187 

Mother  brook,  Dedham, 393,  405,  482,  656 

Muddy  brook.  Ware, 332 

Nashua  river 467-482 

Nemasket  river, 495-497, 503-^05 

Neponset  river, 482-487 

Nevin's  brook,  GiU,  .        .        . 186 

Nookagee  river.  West  Fitchburg, 474 

North  brook,  Lexington, 13,  16 

Notch  brook.  North  Adams, 249,  250,  686 

Otter  river,  Gardner, 464 

Pegan  brook,  Natlck, 790 

Pemigewasset  river, 442 

Penny  brook,  Lynn, 201-203, 207 

Quaboag  river, 406, 407 

Quarter-of-a-mile  brook,  Leominster, 187 

Quequechan  river.  Fall  River, 120 

Queset  river,  Easton, 1 18 

Quinnepoxet  river, 467 

Roberts'  meadow  brook,  Northampton, 251,  252 

Rosemary  brook,  Wellesley, 843,  346 

Sackett  brook,  Pittsfleld, 268 

Salisbury  Plain  river, 496-499 

Salisbury  brook, 74 

Sapoo  brook,  Sharon, 291 

Satucket  river, 496,  497,  501 

Saugus  river, 201 

Scott  brook,  Fitchburg, 122,123 

Seven  Mile  river,  Spencer, 407 

Shattuck  brook,  Fitchburg, 123 

Shawsheen  river, 487-489 

Shumatuscacant  river,  Whitman, 497 

Stacy's  brook,  Swampscott, 310,  313,  314,  790 

State  almshouse  brook,  Tewksbury, 684 

Stillwater  river, 467 

Stony  brook,  Boston 490-493 
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Streams—  Concluded. 

Stony  brook,  Cambridge  water  works, 86-88,91 

Stony  brook,  South  borough, 45,  46 

Sudbury  river, 29-32,  42,  43,  410-412,  G66-658 

Swift  river, 406,  407 

Tannery  brook,  Holyoke, 163,  164 

Tatnuck  brook,  Holden, 871,  372 

Taunton  river, 498-610 

Ten  Mile  river, 610-514 

Three  Mile  river, 496 

Town  river 496,  497,  601,  602 

Town  brook,  Quincy, 275-277 

Ware  river, 406,  407 

Wekepeke  brook,  Sterling, 101,  102 

Wellington  brook,  Belmont, 88 

Westfleld  river, 514-616 

Whiting  Street  brook,  Holyoke, 163,  166,  166,  684 

Whitman's  river,  Fltchburg, 473,  474 

Williams  river,  Lenox, 186 

Winetuxet  river, 496,  497,  602 

Winnipiseogee  river, .        .        .      442 

Yoken  river,  Lenox, 186 

Sudbury  river : 

description  of, 29-32,  410-412 

drainage  area,  population,  etc.,  of  basin, 411 

flow  of, 665-668 

See  also  Boston,  CochUuate  Works. 

Summary  of  water  supply  statistics, 626-628 

Suntaug  lake,  Lynnfield, 211 

Surface  Waters  : 

chemist's  report  on  interpretation  of  analyses  of .  .        .  .       539-669 

effect  of  sewage  contamination  upon,       ....         661,688-690,789 

normal  and  polluted, 640,  641 

natural  filtration  of, 773-781 

special  characteristics  of  certain, 767-773 

classification  of 682-702,  742 

effect  of  storage  of,  in  large  reservoirs  or  ponds,    ....        734-749 

in  open  distributing  reservoirs, 720-725 

in  open  tanks, 725 

number  of,  used  as  sources  of  public  water  supply,        ....      627 

temperature  of, 660-671 

temperature  of,  as  delivered  to  consumers, 674 

organisms  in, 603-608 

seasonal  distribution  of, 597-600 

report  upon  the, 679-620 

growth  of  sponges  in, 614-620 

See  also  Water^  PondSy  Lakes^  Beservoirs  and  Streams, 

Swamps,  effect  of,  on  chemical  composition  of  water,  .        .        .       666,  667,  686 

Swampscott,  description  of  water  works, 309,  310 

analyses  of  water, .       310-314 

temperature  of  water, 673,  675 
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Swampscott — Concluded.  i 

references  to 716,  729,  730 

Stacy's  brook, 310,  313,  314,  790 

Swan's  pond,  North  Reading, Ill 

Swift  river, 406,407 

Synedra  in  Jamaica  pond, 764 

T. 

Tanks: 

ground  waters  stored  in, .       729,  780 

surface  waters  stored  in, 726 

temperature  of  ground  water  in, 675 

Abington  and  Rockland, 6 

Attleborough, 22 

Braintree, 64-66 

Bridgewater, 67 

Bridge  water  State  farm, 84,  d5 

Brookline, 79,  80 

Cambridge, 88 

Canton, 93 

Chicopee  central  fire  district, 96 

Dedham, 114 

Easton,  North  Easton  village  district, 118 

Everett, 119 

Fall  River, 120 

Franklin, 132 

Grafton, 139 

Haverhill,.        .        , 144 

Holbrook, .      279 

Hopkinton, 159 

Hull, •    .        .       149 

Hyde  Park, 660 

Lexington, 191 

Maiden, 212 

Mansfield 217 

Mlddleborough, 224,  225 

Nantucket, 232, 283 

New  Bedford, 238 

Newburyport, 241 

North  Attleborough, 264-256 

North  Easton  village  district, 118 

Peabody, 166 

Quincy, 276 

Randolph, t      279 

Rockland, 6 

Sharon, 289, 290 

Stoneham, 322 

Stoughton, 308 

Swampscott,  Marblehead  Water  Company, 310,  312 

Tewksbury  almshouse, 318 


Digitized  by  LjOOQIC 


INDEX.  851 

Paob 
Tanks  —  Concluded. 

Tlsbury, 320 

Wakefield, 822 

Watertown  and  Belmont, •      .        .        .       833, 336 

Westborough  insane  hospital, 849 

Weymouth, 867, 868 

Whitman, 369 

Tannery  brook,  Holyoke, 163,  164 

Tashmoo  spring,  Tlsbury, 820 

Tastes,  of  surface  waters,  effect  of  storage  on, 740 

Tatnuck  brook  storage  reservoir,  Holden,      .  871,  872,  876,  876,  878,  660,  683 

distributing  reservoir, 372, 377 

Taunton,  description  of  water  works, 814 

analyses  of  water, 316-817 

daily  rainfall  at, 630-664 

filter-basin 816.  816,  672,  673,  706,  713,  714 

Taunton  river  at, 609,  610,  686,  714 

Mill  river, 495,497 

Taunton  River: 

description  of  river  basin, 493-498 

analyses  of  water  of, 498-610 

drainage  areas  and  population  In  basin, 496,  497 

flow  of,  at  Brldgewater, 495 

manufactures  in  basin, 498, 494 

analyses  of  water  of : 

at  Brldgewater, 606-609 

at  Taunton, 509,  610 

Tempera'turb,  effect  of,  on  the  determination  of  ammonia  by  nessleriza- 

tlon, 626 

of  air  and  water,       .    * 669-676 

diagram  showing  normal, 668 

of  ground  waters, 671-678 

of  surface  waters, 660-671 

of  water  as  delivered  to  consumers, 678-676 

of  Jamaica  pond  at  different  depths,         ....         664-667,761,762 
table  of,  at  different  depths  in  Mystic  lake,  Jamaica  pond,  Wenham 

lake,  Waban  lake,  and  Reservoirs  3,  and  4,  Boston  water  works,      669 

effect  of  depth  on, 664-670 

Ten  Mile  river, 610-614 

Tewksbury,  State  almshouse,  description  of  water  works,    .        .        .        .818 

analyses  of  water, .       818,  819 

reference  to, 684 

Three  Mile  river,  description  of, 496 

Tlsbury,  description  of  water  works, 820 

analyses  of  water, 820 

Town  brook,  Bralntree  and  Qulncy, 276-278 

Town  river, 496,  497,  501,  602 

Towns  and  cities  having  public  water  supplies, 626-628 

Transportation  of  bottles  and  samples  of  water, 620 

Tubular  wells.    See  Wells. 
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Turbidity,  interpretation  of,  Ih  surface  waters, 566 

method  of  determination  of, 632 

Turner's  Falls  fire  district,  Montague,  description  of  water  works,      .       230,  231 

analyses  of  water, 231,  232 

Connecticut  river  at, 416-418 

Tyng's  pond,  Tyngsborough, 320 

u. 

Upper  Mystic  lake 35-37,  59,  60 

See  Boston,  Mystic  Works, 

Upper  Naukeag  pond,  Ashbumham, 19,  749 

Uxbridge,  water  supply  of 321,  672,  702 

Blackstone  river  at,  drainage  area,  etc. ,  of , 384 

flow  of ,  .         .         . 392, 656 

analyses  of, 388-390 

pollution  and  self  purification  of,         ....         790,  792,  793-798 

V. 

Van  Horn  reservoir,  Springfield, 297,  298,  304 

See  also  Springfield, 

Vegetable  growth,  purification  of  water  by, 691 

Vineyard  Haven,  Tisbury,  water  supply  of 320 


w. 

Waban  lake,  Wellesley, 347,  669,  766,  766 

Wakefield,  water  supply  of, '       .        322,  323,  685,  745 

Crystal  lake,  or  Smith  pond, 322,  323,  686,  745 

Lake  Quannapowitt 323 

Walden  pond,  Lynn 201-203 

Wallace  pond,  Gloucester, 136 

Waltham,  description  of  water  works, 324 

analyses  of  water, 324-329 

temperature  of  water, 672,  673 

references  to, 705,  708 

Charles  river  at, 327-329,  394,  401,  402 

Stony  brook  reservoir,  Cambridge  water  works, 86-90 

See  also  Cambridge. 

Wannacomet  pond,  Nantucket, '   232,  233 

See  also  Kantucket, 

Ware,  description  of  water  works,  . 329 

analyses  of  water, 330-382 

temperature  of  water, 672 

references  to, 705,  710,  725-728 

Muddy  brook, 332 

Ware  river, 406, 407 

Warner's  pond,  Concord, 110 

Warren,  water  supply  of, 332,  338,  702 
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Warren  Aqueduct  Company, 332,  333 

Warrington,  method  of  determination  of  nitrogen  as  nitrites, .    .        .       627,  528 

Washington,  Ashley  lalce, 268,  269 

Watkr: 679 

normal  and  polluted  surface  waters, 540 

classification  of  drinking  waters, 677-716 

purification  of,  by  filtration, 706-708 

standards  of  purity  of, 535,  545-547  ,-577,  686 

healthfulness  of, 535-538,  546-549,  716 

general  characteristics  of  surface  and  ground  waters,    .        539,  540,  569,  570 
chemical  examination  of,  and  interpretation  of  analyses,       .        .       517-578 

methods  of  analysis  of, 522-532 

analyses  of,  explanatory  note  on, 3-5 

interpretation  of  analyses  of, 533-578 

permanence  of  albuminoid  ammonia  in  brown  waters,    ....      547 
methods  of  microscopical  examinations  of ,     .    ^    .  .        .        581-583 

bacteria  in, 537,675,576,781,782 

report  upon  the  organisms  in, 579-620 

relation  of  organisms  and  odors  in,  ....         568,569,583-587 

purification  of,  rendered  impure  by  organic  growths,     .        .        .       609-614 
distribution  of  organisms  in  waters  variously  situated,  .        .        .        601-608 

seasonal  distribution  of  organisms  in 597-600 

temperature  of, 659-676 

diagram  of  normal, 663 

diagram  showing  comparative,  of  water  and  sewage,  .        .      676 

See  also  Analysis,  Chemical ^  Surface  waters.  Ground  waters. 
Water  companies,  number  and  population  of  cities  and  towns  supplied  by, .      628 

Water,  rain,  chemical  analysis  of, 562 

interpretation  of  free  ammonia  in, 563,  564 

storage  of.  In  cisterns,   * 563,  564 

Water  supplies,  chemical  and  biological  examinations  of ,     .        .        .        .  3-378 

collection  of  statistics  of, 623-625 

summary  of  statistics, 626-628 

number  of  cities  and  towns  having, 626 

number  and  kinds  of  sources  of, .      627 

date  of  introduction  of,  into  towns  and  cities, 628 

discussion  of  special  topics  relating  to, 718-781 

growth  of  sponge  in, 614-620 

Water  supply  district.    See  Fire  District. 

Water  works,  descriptions  of, 3-378 

number  of,  in  towns  and  cities, 626,  627 

ownership  of, 628 

date  of  construction  of,  in  towns  and  cities, 628 

Watersheds,  population,  area,  etc.,  explanatory  notes  on,     .        .  .8,  881 

Watertown,  description  of  water  works, 333 

analyses  of  water, 334-337 

temperature  of  water, 672 

references  to, 706,  710,  729,  730 

Charles  river  at,  drainage  area,  etc 394 

flow  of 405,  651 

analyses  of  water  of, 403,  404 
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Watuppa  lake,  FaU  River, 120-122,  684,  745 

Wanshakum  pond,  Sherborn, 291,  292,  685,  745 

Wayland,  description  of  water  works, 337 

analyses  of  water, 338-840 

temperature  of  water, 662 

references  to, 683,  705,  713,  714,  746,  777-781 

Dudley  pond, 55 

See  also  Boston  t  Cochituate  Works. 

Lake  Cochituate, 82-^4,  51,  52 

See  also  Boston,  Cochituate  Works, 

Webster,  description  of  water  works, 340,  341 

analyses  of  water, 341,  342 

references  to, 342,  684,  745 

Webster  park.  Maiden, 211,212,215,216 

Webster's  pond,  Gloucester, 139 

Wekepeke  brook.  Sterling 101,102 

Weir  village,  Taunton,  Taunton  river, 497 

Wellesley,  description  of  water  works, 343 

analyses  of  water, 843-347 

references  to, '      672,  708,  728 

Rosemary  brook, 343,346 

Waban  lake, 347 

analyses  of  water, 347,  765,  766 

table  showing  temperature  at  dilTerent  depths, 669 

Wellington  brook,  Belmont, 88 

Wells  : 

organisms  in, 603-608 

number  of,  used  as  sources  of  public  water  supply,        ....      627 

temperature  of  water  In, 671-673 

See  also  Ground  waters. 

The  following  Is  a  list  of  all  the  large  wells  referred  to  in  this  volume.    They  are 
more  completely  indexed  by  towns. 

Amherst, 11,  12 

Attleborough, 22,  23 

Ayer 25,  26 

Bridgewater, 67,  68 

Canton, 93 

Chicopee, 96 

Dedham, 114,  116 

Easton,  North  Easton  village  district, 118,  119 

Franklin 131,  132 

Kingston, 168,  169,  171 

Mansfield, 217 

MIddleborough,         . 223-225 

Milford, 227,  228 

Newburyport, 241, 242 

North  Attleborough, 264,  255 

Quincy, 275,  276 

Revere, 281-283 

Sharon, 289, 290 

Stoughton, JM)8, 309 
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Swampscott,  310, 311 

Tewksbury,  State  almshoiwe, 319 

Ware 329,  330 

Warren, 332,  333 

Wellesley, 343 

West  Brookfleld, 362, 353 

The  followlDg  i»  a  lint  of  all  the  tubular  wolls  referred  to  In  this  volume.    Many  of  them  are 
used  1q  conJunctioD  with  large  wells,  filtor-gallerles  and  fllter-basloB. 

Amesbury, 9,  10 

Attleborough, 22,  23 

Bridgewater, 67,  68 

Canton, .        ^3 

Cohasset, 104-106 

Concord,  Massachusetts  reformatory, 109,  110 

Grafton, 189 

Hopklnton, 168-160 

Hyde  Park, 163,  164 

Lexington 191,  192 

Lynn, 203 

Maiden, 211,  212,  216,  216 

Millbury  (test  well) 229 

Newton, 243,  247 

North  Adams 249,  250 

Provincetown  (test  well), 274,276 

Revere, 281-283 

Salem  (test  well),  218 

Saugus  (test  well), 289 

Stockbrldge, 306 

Swampscott,  Marblehead  Water  Company, 310,  311 

Tannton  (test  well), 314,317 

Watertown, 336 

Westborough  insane  hospital, 349,  360 

Wlnchendon  (test  well), 363 

Wenham  lake,  Wenham  and  Beverly,  Salem  water  works,  .  .  286,  286,  287 
See  also  Salem. 

Westborough,  description  of  water  works, 347,  348 

analyses  of  water, 348 

Sandra  pond, 347,  348,  686,  698,  746 

Chauncy  pond,  references  to, 351,661,746 

Westborough  insane  hospital,  description  of  water  works,  ....      349 

analyses  of  water, 349-361 

temperature  of  water, 672 

West  Brookfleld,  water  supply  of, 361-353 

Westfleld,  description  of  water  works, 363,  364 

analyses  of  water, 354,  365 

references  to 353-355,  683,  747 

Westfleld  river 514,516 

West  Fitchburg,  Nashua  river, 4G8,  474 

Nookagee  river, 474 

West  Gloucester,  reservoirs, 136-138 
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Westharapton,  Koberts'  meadow  brook 251,  252 

Weston,  Stony  brook  reservoir,  Cambridge  water  work<,  .  80,  90 

West  Uoxbury,  Charles  river  at. 85,  8G,  394,  398,  399 

fllter-gallery,  Brookline  water  works, 81,  82 

Stony  brook 490-493 

West  Springfield,  description  of  water  works, 355,  356 

analyses  of  water, .•       .        .      356 

references  to 356,  084,  746 

Weymouth,  description  of  water  works,  366,  357 

analyses  of  water, 867,  358 

Great  pond, 686,  745 

White  pond,  Hudson  and  Stow, 221 

Whiting's  pond.  North  Attleborough 264,  266,  267,  512 

Whiting  Street  brook,  Holyoke, 153,165,156,684 

Whitlnsvllle,  water  supply  of, 269 

Whitman,  description  of  water  works 858,  359 

analyses  of  water, 359-361 

references  to, 705,  713,  714,  781 

Hobart's  pond,  description  of, 359 

analyses  of, 360.  361 

references  to, 686,  698,  699,  714,  777-779 

Satncket  river, 496 

Shumatuscacant  river, 497 

Whitman's  river,  Crockerville, 473,  474 

Wholesomeness,  of  w^ater, 535-5S8 

of  brown  waters, 647-549 

of  rain-water, 563 

of  hard  waters, 566 

See  also  Hedlthfulness. 

Williams  Lake,  Marlborough, 218-220 

See  also  Marlborough. 

Williams  river,  Lenox, 185 

Williams  spring,  Wellesley, 343 

WUliamstown,  water  supply  of, 362,  363,  702,  776 

Hoosac  river  at 422,  427,  428 

Willlston  pond,  Easthampton, 116,746 

Wilmington,  Shawsheen  river, 487-489 

Winchendon,  water  supply  of, 363 

Miller's  river  at, 465 

Winchester,  description  of  water  works, 364 

analyses  of  water, 364-366 

temperature  of  water, 661 

references  to,    .  686, 696,  746 

Upper  Mystic  lake.    See  Boston,  Mystic  Works. 

Winter  pond, 866 

Wind,  effect  of,  on  circulation, 667-670 

effect  of,  on  temperature  of  water  In  ponds, 667 

Wlnetuxet  river, .'       496, 497,  502 

Winniplseogee  lake.  Lake  Village,  N.  H., 442-448,  745 

Windsor  locks,  Conn.,  Connecticut  river  at, 416 

Winter  pond,  Winchester, 366 
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Wlnthrop,  water  supply  of.    Sec  llcvcre.  '**"" 

Witherell's  pond,  Wrentham 

Wobum,  description  of  water  works,     .        '.  vr  ar- 

analyses  of  water.    ....  gg^' 3^; 

temperature  of  water ;       672,673,675 

references  to  -..-..  705,712.726-728,774,777 

Horn  pond,  description  of.      .  3gg  gg^. 

analyses  Of  water .■.■.■.■       369^71 

temperature  of  water, ggj 

heights  of  water  in,       .        .  -871 

WoodWnnT^'          •••'•'•        ■661.562,744,77S,7V8,779 
Woods  pond,  Ludlow, 2^^ 

WoRct^STER,  description  of  water  works,      .        .                '        '        '  371  372 

analyses  of  water, *  373^73 

temperature  of  waterin  reservoirs,          ......  660 

height  of  water  in  reservoirs,           ......!  378 

references  to,    .        .  \.c.,  '^u,   Ioq  ,0-   t*^ 

TT  ,  .  _  '  <>S£J,  684,  723-720,  747 

Holden  or  Tatnuck  brook  reservoir,         .        .  371,  372,'  375-377,  660,  683,  747 

Leicester  or  Lynde  brook  reservoir,         .        .  371-375,  660,  683,  723-726,  747 

^^"P^°^ 872-378 

SmJ'T''^' 372,374,375,723-725 

Mill  brook, .383 

Blackstone  river  at,  analyses  of  water  of ,       .        .        .        .        '       387.888 

^7^^' 392 

pollution  and  self  purification  of 793-798 

analyses  of  sewage  of,      ...  787 

Wrentham,  Witherell's  pond,  511 

Wright  pond,  Holyoke,  .  ^52,  163,  166,  157 

See  also  Hohjoke. 

Y. 

Voken  river,  Lenox .185 

York  pond.  Canton,  •  93, 94 


Digitized  by  LjOOQIC 


Digitized  by  LjOOQIC 


Digitized  by  LjOOQIC 


Digitized  by  LjOOQIC 


Digitized  by  LjOOQIC 


Digitized  by 


Google 


^aserff^^r^i^ 


'  -...i'JliLXifi?'TY  OF  MICHIGAN 


3  9016067921663 


Digitized  by 


Google 


m 


i 


% 


